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BIENNIAL REPORT. 



To His Excellency^ Lon V. Stephens, President, the other Hon-- 

orable members of the Board of Managers and the people of 

Missouri : 

Obntlbmbn — Withoat reflecting unkindly on any pre- 
vious administration of this office, the State Geologist has good 
reasons for congratulating the Board of Managers and the 
people of Missouri. That it was a happy day for both, the 
'Geological Survey and the people who pay for it, when Gov- 
ernor Stephens decided to name a Board of Managers of prac- 
tical business men of sterling integrity, is already demonstrated 
by the good feeling now existing between this Department and 
the people. 

That the Survey had grown unpopular with the unlearned 
masses is a fact which goes without saying. That it had failed 
to unfold or delineate the physical conditions which would 
have furnished even the learned with a rational clue to the 
vast undeveloped resources of Missouri, is also a fact that is 
becoming every day more painfully apparent. The reports are 
voluminous and yet they do not contain the kind of informa- 
tion the people are seeking. Inquiries are continually coming 
into this office about economic deposits of other minerals than 
those now being mined. The reports of former geologists do 
not supply any definite information or clue to them. This de- 
plorable sequence may be referred to the fact that the Survey 
did not proceed on a logical plan or that the earlier reports on 
the more interesting subjects were issued prematurely. 

Howbeit, the present Board of Managers sounded the 
right chord, when it declared that the purpose of this Survey 
is to delineate the geology of Missouri, on a comprehensive 
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plan ; making it so logical and plain that even the hainblest 
citizen may be a beneficiary. With that end in view, a plan 
was evolved and adopted that will soon bring the whole sub- 
ject within the grasp of the average reader. 

THB PLAN. 

The plan, evolved and adopted by the Board, is : 

First — ^To eliminate all irrelevant schemes and concentrate 
the energies of the Survey on field work. 

Second — To work ont ten continnons cross-sections of the 
State from sontheast to northwest, on parallel lines, about 
thirty miles apart. 

Third-^To delineate the Geological Record of Missoari 
and the distribntion of its varions members, in a 

(i) Report on Physical Structure or Structural Geology, 

Fourth — To individualize the ore-bearing country rocka 
and delineate the requisite structure in them for economic 
bodies, in each productive horizon of the older rocks and in 
the Goal Measures, in a 

(2) Report on Economic Deposits and Local Development. 

Fifth^To construct, with the data collected for the above 
named reports, a correct 

(j) Geological Map of Missouri. 

Now, analysing the plan and taking up each section, in 
its numerical order, the reader will doubtless expect a full 
definition of each. 

DEFINITIONS. 

First-^On entering this office, the Geologist found that a 
considerable amount of money had been expended on Eogi- 
neering Instruments, Photographic Apparatus, Laboratory 
Equipment, Engravings for Printing Topographic Maps and 
many other things pertaining more to a school of engineering 
or physical geography than to a geological survey. Seeing 
that the energies of the Survey had been thus largely ex- 
pended on the ornamental, without having duly emphasized 
the economic features of the work, the present management 
determined at once to eliminate all such ornamental or irrele- 
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Tant fancies and go directly after the fnndameQtal facts, which 
make the only logical foandation for a Geological Sarvey. 

The first labor was to prepare and then occupy new quar- 
ters in the Armory Bailding. In removing the property of the 
Sarvey from the Oapitol Bailding, the Oeologist was sorely 
reminded of the old saying : "a man never knows how rich he 
is, nntil he moves." It transpired that an incredible quantity 
of costly but irrelevant plunder had accumulated during the 
previous eight years. Such of it as could be utilized or stored 
in the new quarters was removed and the remainder dumped 
or turned over to the proper authorities. 

The removal cost the Department about one thousand dol- 
lars and three months of the Oeologist's time. It was, how- 
ever, a good thing for the Sarvey ; because it helped to sug- 
gest a definite and logical plan. Finding, in the meantime, 
that contracts had been made with an Engraving Company in 
Baltimore for several additional Topogrophic Plates and that 
the engraving would cost between two and three thousand 
dollars, it became apparent that about one-half the appropria- 
tion for the biennial period had been already consumed. That, 
of course, suggested rigid economy during the remainder of 
the biennial period. 

It was then too late in the fall to commence systematic 
field work. There were many calls, from corporations and 
individuals throughout the mining districts and unexplored 
regions of the State, for local surveys or assistance in the line 
of mine engineering. Desiring to husband its resources as 
much as possible and at the same time acquire definite knowl- 
edge of the country rocks, the physical structure and character 
of all productive ore bodies and other economic deposits, the 
Oeologist was generously provided with free transportation 
by all of the principvrailroads and instructed by the Board to 
answer all such calls, when the beneficiary would agree to pay 
his expenses. 

Instead of renewing the laboratory equipment and thus 
entail a heavy expense, the assay work of the Sarvey was 
given to Prof. F. A. Jones of Kansas Oity. Prof. Jones, a 
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Dative of Missouri, a gentleman and a scholar, was the Oov- 
ernment Assayer for the Argentine Smelter. It has, ever 
since, been the practice of this Department to examine pros- 
pective mines, when it did not interfere with regular field 
work, give advice in mine engineering and one or two free 
assays, with the view of promoting cantionsly the develop- 
ment of our mineral resources. Many persons have been thus 
encouarged to follow up profitable leads or dissuaded from 
pursuing phantoms. In that particular function, the Survey 
has been eminently successful and has made many friends. 
Fully nine-tenths of the rock and ore-specimens sent in have 
been determined in the office. Analyses of the other one- 
tenth have cost the Department little or nothing as compared 
with the fixed expense of maintaining a laboratory and keep- 
ing a competent man always on hand to run it. 

Without a sufficient fund to provide for the salary of an 
expert in the office, when the Geologist was out on field work, 
euch mail as the lady Secretary could not satisfactorily answer 
was laid on the table until he returned. That accounts for 
unpleasant delays in a very few instances. Obviously, the 
Geologist could not be in the office and at the same time out 
on field work. The reader will, of course, understand that the 
Department is not complaining but merely offering a tree ex- 
planation to those who may have had to wait sometimes for its. 
replies. Moreover, it m.ust be .apparent to any reasonable per- 
son that the Geologist cannot afford to be very much hampered 
with engagements or correspondence while on field work. It re- 
quires about all of the energy of an ordinary man to contend 
with the weather and other incidental difficulties, and at the 
same time perform such effective field work as this plan im- 
plies. 

Second — The ten continuous cross-sections, provided for 
in the plan, suggest that the State will have been quite gener- 
ally explored and its physical structure quite thoroughly worked 
out before a finished report on that subject will be issued. Al- 
though the ten cross- sections will, in fact, be on definite diag- 
onal lines, parallel with each other and at right angles with the 
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axis of the Ozark Bange, the field work required to work them 
oat, trae to nature, will necessarily have familiarized the sur- 
vey with the geology of the whole State. Hence, too mach 
emphasis cannot well be placed on that feature of the plan. 
During the first eight years the Survey had been going on, 
many whole counties had never been invaded by it. That, 
alone, was enough to create distrust in the economic value of 
a Oeological Survey. 

On the plan evolved by this management, the State Oeolo- 
gist, leading in the field work, will have explored personally 
every county in the State before any finished report is issued. 
The structural geology of each cross-section, traversing the 
State diagonally and at right angle with the axis of the Ozark 
Bange, displayed in a vertical zone, will give the people a definite 
idea of not only the geology of their own county, but of its rela- 
tion to the geology of the State. The time required and the cost 
of thus delineating the geology of the State, will not be more 
than a correct topographic map of one county. Such definite 
information as the people are seeking will be brought out, and 
all the people of the State will be the beneficiaries. 

The fossils of each member of the geological record will 
be studied and noted along with it4S physical characters and 
distribution. To those who do not quite understand the mean- 
ing of geological record, this explanation is offered : resting on 
the crystalline Primordial shell of the Earth or its igneous 
lenses, in a persistent wrapper of sedimentary rocks containing 
legible organic forms or fossils, is the Historic shell or Geolog- 
ical Record. In the central zones of the greater downward 
folds or inverts, the geological record is immensely thick. In 
the central zones of the greater upward folds or arches, it is 
often surprisingly thin or absent. For example, we have in cer- 
tain denuded areas in Southeastern Missouri, igneous lenses of 
the primordial protruding through the geological record. On 
the other hand, in Northwestern Missouri, our geological rec- 
ord is not less than 3,000 feet thick. There is no conceivable 
plan that will unfold these facts so effectually as the cross- 
sections. 
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The qaestion will doabtlesB arise in the mind of the reader 
why the ten oross-sectionR are to be worked out on parallel 
lines from sontheast to northwest f The Ozark Range, an 
ancient upward fold or unevenly developed arch, traversed 
the State from thebefi:inning of Paleozoic time and predeter- 
mined its physical strnctare. Subsidence of the Illinois invert 
on the east and of the Missouri invert on the west, tended to 
emphasize the intervening arch more and more until the devel- 
opment of the Bocky Mountains relieved the lateral pressure. 
In that more developed and more denuded portion of the 
Ozark Bange, south of the Missouri Biver, we find the igneous 
primordial rocks protruding through the geological record. 
That it was a very ancient terrane is shown by the fact that 
Trenton limestone, one of the most important members of our 
geological recDrd, is nowhere found in Southwest Missouri. 
On the other hand, in Northeast Missouri, the Ozark Range is 
nothing more than a sinuous ridge or upward fold between the 
Missouri and Illinois coal fields. In Balls county, between 
New London and Shiel, the Trenton limestone describes a com- 
plete arch — rising out on the east, from under Hudson Biver 
Shales and other overlying rocks and descending again at 
Oedar Greek, to the westward, under the same kind of 
rocks. 

Conceiving now, that the axis of the Ozark Bange lies in 
a sinuous line across the State, from south we9t to northeast, it 
is easy to understand why the eastern boundary of the Missouri 
coal field should be even a more sinuous or crooked line. It 
must be borne in mind that the development of the Missouri 
and Illinois coal fields was coincident with the later develop- 
ment of the Ozark Bange. The s^ubsidence of two opposing 
inverts means the logical development of an intervening arch. 
Goal forests could not have flourished on as many different 
horizons, as there are letters in our alphabet and have been 
buried, one after another, as they are, elswhere than on the 
floor of a subsiding invert. The Oz^rk Bange, is therefore, to 
be regarded asan unevenly developed arch between two great 
inverts. 
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Moreover, the physical straotnre of the Missoari coal field, 
as already indicated, is intimately related to the Ozark Range. 
One is the complement of the other. Although the Ozark 
Range is less developed on the north side of the Missoari 
River than on the sonth, it, nevertheless, makes a complete di- 
vision of the Missoari and Illinois coal fields. Fartfaermore, a 
cross-section of the Missoari coal field from southeast to north- 
west will show a very different stractare from what has been 
heretofore taaght. About parallel with the axis of the Ozark 
Range there are evidently three important dislocations in the 
bed-rocks of the coal measures, which divide the coal field Into 
four distinct terraces or zones, in each of which the beds lie 
comparatively level. The greatest depth of the coal measures 
in the first or Chariton zone is not exceeding 300 feet from 
surface to bed-rock. In the second or Grand River zone, not 
exceeding 800 feet. In the third or Platte River zone, not ex- 
ceeding 1,300 feet. In the fourth or Forest Oity zone, not 
exceeding 1,800 feet. 

Again, conceiving the Ozark Range to be a dividing arch 
between two great inverts, let us imagine an open cut 2,000 
feet deep on a straight line from 8U Louis to Forest City. 
What a surprising picture would the rocks in either wall of 
that cut make ! You would have a little patch of the Illinois 
coal measares at the top of the St. Louis end, Missouri coal 
measures down very nearly to the bottom of the Forest City 
end^ with the crystalline base and nearly every member of oar 
geological record displayed between. Imagine another such 
cut from the point three miles north of Grand Tower to West- 
port. You would then have the basal sandstone and Kaskaskia 
limestone of the Big Muddy coal field at the east end, 800 feet 
of Missouri coal measures at the west end and crystalline or 
igneous rocks rising nearly or qaite to the top of your sketch 
in several places between. Again, from Cape Girardeau to 
Westline, in Caes county, the igneous rocks of Madison and 
Iron counties would divide the geological record completely. 

Take either one of the lines mentioned, for a base, draw 
nine more lines parallel with it and about thirty miles apart 
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and yon have practically the line of each cross-section. Why 
are they to be worked out on diagonal lines from soatheast to 
northwest f Simply because they cut the axis of the Ozark 
Bange and the different zones of the coal field at right angles ; 
thns unfolding the structural geology of the State completely. 
In working out one of these cross-sections, the Survey is 
tacking a zone right and left and taking in everything of spec- 
ial interest on either hand. The money appropriated for the 
Survey is distributed among the people and the people of the 
whole State are the beneficiaries. 

The only additional scheme for making the cross-sections 
more nearly exhaustive, that the Geologist can suggest, would 
be to put down a few holes, with the core-drill, through the 
geological record and into the crystalline rocks, in different 
places. While there is no question in his mind but that it 
would be a splendid investment, there is, however, a question 
about whether the holes could be so distributed as to give en- 
tire satisfaction to the people of the State. Furthermore, it 
would imply an additional appropriation of ten or twenty 
thousand dollars, according to the number of holes. 

The Oeologist thinks economic deposits might be thus un- 
folded that would a thousand times more than compensate the 
State for the experiment. He knows that the information, 
thus obtained, would be equal in value to the cost. 

The crystalline rocks have been penetrated in several 
places in Missouri, outside of the recognized porphyriiic and 
granite region, but the records have, in most instances, been 
lost or made so indefinite by the use of the churn-drill, that 
they are now worth very little more than ordinary tradition. 
^Drill-cores of mica-schist have been taken from below the 
^^ geological record in Southwestern Missouri and yet, there is 
no account of Trenton limestone having been touched. The 
writer has seen cart-loads of drill-cores dumped in the door- 
yards of farmers, for the purpose of ornamentation. Had they 
been filed in a case and thus preserved, in their exact order of 
occurrence, they would have furnished information of priceless 
value to future generations. 
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Moreover, the fact, that the Trenton limestone describes a 
complete arch in Balls coanty and dips away to the westward 
under its normal covering, snggests that it may spread oat 
under the greater part of North Missouri. The well-known 
fact that productive oil lenses are found on the inverts of the 
Trenton, while all of the gas of economic value is found in the 
upward folds or arches of the Trenton, where they are covered 
by a considerable thickness of impervious beds, makes the 
Trenton arch in Balls county a physical condition of the great- 
est importance. It may lead to the development of a new oil 
and gas field, in North Missouri, equal to any that has yet been 
discovered in the Mississippi Basin. 

If Trenton limestone does exist under Northwest Missouri, 
it is manifestly at such a depth and is so covered by the imper- 
vious shales and clays of the Ooal Measures, that whatever gas 
it may have generated is necessarily still in stock. Between 
the Platte and the Nodaway, lies an upward fold or arch in the 
superficial beds, which fact suggests a greater fold in the 
rocks at a depth of two or three thousand feet. Again near 
Avalon in Livingston county, an upward fold, already traversed 
and noted by the writer in October as the complement of the 
Bonanza Basin in Oaldwell county, has since been determined 
a deep seated arch, by recent borings for water. That a few 
holes judiciously distributed and put down with the core-drill 
under the supervision of the Board of Managers of this Sur- 
vey, would unfold information of the highest value, there can- 
not be any doubt What dissatisfaction might arise out of the 
distribution of the holes is an unknown quantity. What 
arrangement might be made with the immediate beneficiaries 
of any important discovery is another matter to be considered. 

Without the drill-holes, the cross-sections will be worked 
out and the structure displayed with reference to the surface 
exposures and characteristic persistency of each important 
member of the geological record. The upper portion of each 
vertical zone, thus delineated, can be made absolutely correct. 
The lower portion must, however, be necessarily ideal. It 
must be apparent to any thinking person that the definite in- 
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formation to be obtained from a dozen or more holes, jndicioaaly 
distributed and put down with a core-drill, wonld more than 
compensate for the expense. So valaable an adjunct to the 
reqaisite field work wonld make the Keport on Structural 
Oeology practically exhaustive. 

Third — The Delineation of the Geological Becord means 
that the lithological and fossil characters of each important 
rock or horizon, from the crystalline primordial to the quater- 
nary, shall be shown in its logical or natural order of occur- 
rence. Obviously, the geological record has two phases : 1, 
its physical or lithological character ; 2, its paleontological or 
fossil character. Each of these characters has its value, and 
these values do frequently alternate. We can, sometimes, 
more readily recognize a rock or horizon by its lithological 
character and geological relations than by its fossils. Especially 
so, when none of its fossils can be found. On the other hand, 
we sometimes find a rock or horizon so altered, by local con- 
ditions, from what we consider its normal appearance, that we 
have to determine its age or geological sequence by its fossils. 
In such places, fortunately, where the underlying or overlying 
rocks are not exposed, the individual with which we have to 
deal is generally richest in fossils. 

The geological record is divided first into geological 
periods. Each geological period embraces a certain portion of 
a vertical section, great or small, according to the relative local 
development of that period, in which the lithological and fossil 
characters show a long duration of similar conditions on the 
earth. Each geological period is subdivided into vertical zones 
called ages or formations, in each of which the lithological and 
fossil characters show a pronounced genetic relationship. 
Each formation or age is subdivided into individual members 
and each member is still further subdivided into two or more 
horizons as, for example, the Upper, Middle and Lower Tren- 
ton limestone. 

Assuming, always, where the beds lie in normal position, 
as they were deposited, that the lowest came first and are, 
therefore, the oldest, the delineation of the geological record 
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begins logically at the bottom and -proceeds upwards. This 
plan will, no donbt, be a little confusing for a while to those 
who have been nambering either the coal horizons or the mag- 
nesian limestones downwards. Bat it is logical, whether 
*^ scientific " or not ; and the Board of Managers hasinstraoted 
the Oeologist to proceed on that plan. The delineation of the 
geological record will, therefore, begin with the bottom of the 
Oambrian and proceed upwards, through the different geologi- 
cal periods in their natural order of occurrence ; and, wherever 
there is a numerical order to be observed in either formations 
or horizons the lowest or oldest will be first, the next oldest 
will be second and so on to the end. 

OAMBBIAN SEGTION OF OUB GBOLOGIOAL BBOOBD. 

Taking the first Infusorial or basal sandstone of Mine La 
Motte, for the First member of our geological record, we have, 
between it and the next Infusorial sandstone or base of the 
Silurian, four massive oolitic magnesian limestones in the Oam- 
brian : 1st, '' The White Lead," 2nd, ^' The Dead Bock," 3rd, 
*' The Black Lead," 4th, " The Oap-rock." At the top and bot- 
tom of the Black Lead, in persistent lenses, are the Lingnlella 
shales. Lingulellae are also found in the ore-matrix or lime- 
stone. The reader should bear in mind that in these rocks 
there are no cherts and that the LingulellsB are the only legible 
organic forms. To many, it will be interesting to know that 
our i^iftg gpiinftted l^ad-i^c^ga. do not occur on any other horizon 
or in any other country rocks but these. 

The lower members of the Oambrian group, except the 
basal sand.stone, are rarely ever exposed to view. The cap- 
rock is, however, the surface rock in the valleys of the 
porphyritic region and in certain small areas in South-Oentral 
Missouri. The basal sandstone, resting on porphyry and granite, 
is the surface rock in the high ground about Mine La Motte. 
The impervious character of the upper portion of the basal 
sandstone, suggests that it has been made so, by the absorp- 
tion of mineral solutions from above. In fact, the sand-rock 
floor of the White Lead, in Mine La Motte, is known as ^^ The 
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Sulphides." From it, the rare mineralB, nickel and cobalt, are 
obtained. The oolitic textare and other pecnliarities of the 
white and black leads show that these rocks have nnder/irone 
vast chemical and mechanical alterations. That they have 
been the pervions receptacles, resting on an impervions bed, 
in which the residuary lead ores from overlying rooks, now 
weathered off, have been concentrated by the water, from 
time to time, there is every reason to believe. 

These rocks, as a rule, lie comparatively level in the val- 
leys, while the porphyry and granite hills rise up in bold re- 
lief. Indeed, there are many interesting things to be said 
about these Cambrian limestones, the conditions of occurrence 
and probable genesis of the wonderful disseminated ore bodies 
they contain. But we are now taking merely a passing glance 
at our geological record, from bottom to top or from first to 
last. The white and black leads, as their names indicate, are 
the only ore-bearing rocks of the group. They vary much in 
thickness, in different localities, as well as in the percentage 
of ore they carry. Their normal thickness, however, is be- 
tween five and twenty feet each. The *^Dead Bock," between 
the white and black leads, as its name indicates, carries no ore 
of economic value. It varies in thickness, as far as explored, 
between ten and one hundred and fifty feet. The cap-rock, in 
its full developnent, reaches a total thickness of about two 
hundred and fifty feet. It ends, however, in alternate day- 
shales or clay-wackes and thin layers of ferruginous limestone. 
In many places, where it is the surface rock, the shale-beds 
and thin layers of limestone have been removed and the mas- 
sive portion only is in sight. So much for the Cambrian. 

LOWER SILURIAN. 

Now comes the Second Infusorial or basal sandstone of 
\ the Lower Silurian. It rests^nconforntabjy on the Cambrian 
cap-rock. Its unconformity is so pronounced as to be recog< 
nized in many places. In some places, the shale -beds and 
thin layers of the Cambrian cap-rock are in place, under the 
sandstone ; in other places, the sandstone fills deep ravines in 
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the much eroded upper surface of the massive cap-rock. This 
Second Infusorial or basal sandstone of the Lower Silurian is 
very persistent. It was evidently at one time very nearly if 
not quite continuous. In many places, its particles are con- 
centrated into a massive homogeneous quartzite and it is fre- 
quently so stained with iron as to be easily mistaken for por- 
phyry. That it makes a poor soil, is demonstrated by the fact 
that it is one of the principal horizons on which the pine for- 
ests of Southeastern Missouri grow. 

Besting conformably on the Second Infusorial or basal 
sandstone of the Lower Silurian, comes the First Siluro-mag- 
nesian limestone. It is thus named, partly to preserve its in- 
dividuality, partly for the want of a better name. The name, 
however, is not more unique than its lithological and fossil 
characters. This rock is distinguished by its gnarled, massive 
and open structure, its many great caverns, its big springs and 
its numerous fissure mines. It is further distinguished by the 
absence of the so-called ^^ cotton-rock " which abounds in the 
later magnesian limestones. That it was, at one time, an ex- 
ceedingly silicious limestone, is fully demonstrated by the vast 
quantities of chert and druzy quartz it has produced. In fact, 
many old fragments of the rock have been picked up that show 
the residuary siliceous matter concentrating into druzy quartz 
while the lime and magnesia are being dissolved out. In a long 
continued process of reconstruction, its fossils have been elim- 
inated from the rock and are now found only in its cherts. Its 
fossils are, however, sufficiently abundant and related to Tren- 
ton species as to place it unequivocally in the Lower Silurian. 
The unconformity of its basal sandstone, to the cap-rock of 
the Cambrian, has been already sufficiently emphasized. 

The first Siluro-magnesian limestone, varying in thick- 
ness between three and five hundred feet, is the surface 
rock over all of Washington county, north of Big river; 
and across Franklin county to the Oasconade, between 
Moselle and St. James. It is the surface rock over 
much of Crawford, Dent, Reynolds, Carter and Shannon 
2— o 
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counties. It is also the surface rock over large areas 
in Phelps, Palaski^ Maries and Oamden coanties. While 
not the sarface rock in all of that vast area of sinks in How- 
ell^ Oregon and adjoining counties, it was the reconstruction of 
this rock that gave rise to the marvelous topography of that 
region. The Grand Oulf, near Eoshkonong, the Meramec Big 
Spring, Fisher's Gave and the weird freaks of Ha Ha Tonka, 
are all due to the reconstruction of this rock. It is rent with 
many great open Assures which are now the tracks of subter- 
ranean streams. Many of the one-time open fissures have, how- 
ever, been refilled with metallic ores, gangue-minerals and other 
economic products. The open fissures served as receptacles 

(or lodging places for the residuary minerals of overlying 
country rocks that are now weathered off and gone. 

The sooner the people of Missouri can be made to under- 
stand that it was only in the ancient canons and open fissures 
of the Silurian country rocks, productive ore bodies were 
planted, the better for them. The mineral deposits that have 
been concentrated In the canons and fissures of this First 
Siluro-magnesian limestone are varied and surprising. Many 
rich mines have been worked and many more lie hidden under 
the cherts, clays and other relics of the once overlying rocks 
that are now gone. It does seem that any man who has a 
right conception of the genesis of these ore bodies would 
know how to distinguish between the gangue-minerals or infill- 
ing of the fissures and the country rocks which form the 
walls. But the Geologist has, in many instances, found the 
prospector digging in the stratified country rocks. Indeed, 
the energy that is being wasted on barren ground, while there 
are plenty of rich ore bodies untouched, is enough to suggest 
a geological survey that is both comprehensive and practical. 

A survey that will individualize each ore-bearing country 
rock in our geological record, show its distribution and delin- 
eate therein the particular kind of structure in which economic 
deposits may reasonably be expected, is what the people want 
first. That may not be scientific enough for some individuals, 
but the so-called scientific touches, such as topographic maps 
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and flowery essays on sarfaoe features, may easily be added 
afterwards. There is enough, however, in the geology of Mis- 
souri that is grand and beaatifnl, if delineated logically, to in- 
terest the average man without borrowing from other states or 
drawing on the imagination. 

In their conditions of occurrence or physical structure, 
the economic d eposits in th e fissures and canons of the First 
Bilur o-magnes ian country riick, are so radically unlike the dig- 
seminatedj)re bodies of the Oambrian, as to be easily distin- 
guishable. In the white and black leads of the Oambrian, the 
ore-matrix is the country rock itself. In the Siluro-magnesian 
the coantry rock makes the walls of a fissure by contraction 
and separation on vertical planes of nearly coincident through- 
Joints. The gangue-minerals or infilling of the fissures are so 
unlike the wall-rocks in eyery particular as to be readily dis- 
tinguished from them. The gangue-minerals are chert, caloite, 
barite, iron pyrites, limonite and other soluble rock-minerals ; 
along with ordinary clay. In short, they are entirely nnlike 
the country rock which makes the walls. 

The next member of the geological record is the Third 
Infusorial Sandstone. It is not usually so thick as either one 
of the other three rooks of like origin and character, but it is 
generally more stained with iron. Neither is it so nearly con- 
tinuous as the Second, simply because it has perhaps been 
more eroded. It is also a quartzite in many places, as well as 
the horizon of pine forests. 

On the Third Infusorial sandstone, rests the Second 
Siluro-magnesian limestone. It forms the blulFs of the Mis- 
souri Biver, for the most part on either side, between Provi- 
dence and Augusta. It is also the surface rock over the south 
part of Jefferson county. It is quite conspicuous and much 
used about the Capital City. It might, therefore, be well 
named the Jefferson limestone. In fact, the writer has been 
thinking about calling the First the Washington, and the 
Second the Jefferson, limestone. However, First and Second 
Siluro-magnesian will do for the present. 
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The Second Silaro-magoesiati limestone ( the same that 
Swallow called the Second magnesian ) abounds in both chert 
and '* Cotton Bock." Some people will recognize ^' Ootton 
Bock " when they have learned that it is the material with 
which the Penitentiary walls and the Armory are built. The 
true limestone of this member is a rough looking rock with 
a pecky, worm-eaten, appearance. It is, however, a very 
durable rock and much used for curbs, foundations and 
retaining walls. There are many prettier rocks but very few 
better ones for these purposes. This rock makes most of the 
barrens or rock-glades in Ste. Oenevieve« Oamden, Laclede 
and Oole counties. It is the country rock of the Ste. Gene- 
vieve Copper Mine, the Wright, Webster, Hickory, Miller, 
Morgan, Moniteau and Cole county, lead and zinc mines. It 
has many old channels, canons and sinks, and, quite a good 
many open fissures in it, but not nearly so many fissures that 
have been refilled with ores and gangue-minerals, as the First 
Siluro-magnesian. Most of the Hematite and Limonits iron- 
ores of Missouri have doubtless been derived from the Second 
Siluro-magnesian. 

The ^' Cotton Bock '* which makes up the major part of 
this member is an even combination of Magnesia, lime and 
infusorial sand in very fine particles. It sloughs rapidly and 
shows no tendency towards crystallization. That may account 
for the fact that it has not developed so much cavernous 
structure as the underlying member. Some of the so-called 
<' Flint Clays" of Southeastern Missouri are doubtless relics 
of this rock; while those of Warren county are evidently relics 
of the Chouteau. Howbeit, the geology of Missouri, shows, to 
an experienced eye, more substantial proofs of downheavals 
than of upheavals. The coal '^ pockets " or reconstructed coal 
beds of Morgan, Miller, Moniteau and Cilia way counties^ 
planted ia the old channels or canons of this particular coun- 
try rock we are now delineating, are evidently made up of 
materials derived from the degradation of the regular Coal 
Measures and reconsolidated without pressure. Stumpe's 
clay-pit at Washington, Franklin county, is another instance of 
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-downheaval. It is 6imply a mass of reconstructed coal meas- 
nre fireclay, with abundance of Goal Measure fossils, lying 
around to prove it. Again, the Goal Measure relics, found in 
the ore-matrix of the Bass Mines, in Gole county, tell the same 
story. 

We come now to the Fourth and Last Infusorial or St. 
Peter's Sandstone. Whether or not there is anything in a 
name, it is the purest sandstone of them all. Inasmuch as 
that it is already thus named the writer will cling to it. To 
every person who has passed over the Missouri Pacific or the 
Missouri, Kansas and Texas Railroad, to St. Louis on a day 
train, the White Sand Quarries at Pacific on the one, or at Au- 
gusta on the other, must be a familiar sight. That, is the far- 
famed St. Peter's Sandstone. It is exposed near Eolia and at 
Silex, in Lincoln county, in the valleys of the Tuque and Ghar- 
ette creeks in Warren county, between Augusta and Matson, 
in St. Gharles county, on both sides of the dividing ridge be- 
tween the Missouri and the Meramec, in St. Louis county, 
again at Grystal Gity, on the Mississippi Biver. 

But a more surprising exposure of this rock than any one 
of those mentioned above i8 at Spalding Spring, in fialls county, 
where an inverted Trenton zone, about one-fourth of a mile 
wide and five miles long, has lifted the St. Peter's sandstone 
bodily out of its normal position, and it now lies, on top of the 
inverted Trenton, a pure quartzite. And yet, there must have 
been more downheaval than upheaval in that case, because the 
slice of Trenton limestone that is turned over is not less than 
three hundred feet thick; while the quartzite from St. Peter's 
Sandstone is not exceeding sixty or eighty feet thick. 

Some of the most interesting geology in Missouri is to be 
found in the vicinity of Spalding Spring, and it is a most de- 
lightful resting place. Bight across a narrow valley from the 
inverted Trenton zone the Trenton limestone, in all its gran- 
deur, stands out in bold and picturesque bluffs and in its nor- 
mal position. Every student of geology in Missouri ought by 
all means to visit Spalding Spring, in Balls county, and Ha Ha 
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Tonka, in Camden county. They are both snblime places and 
have good accommodationa at very moderate rates. 

That the foarth and last Infasorial or St. Peter's Sand- 
stone supplies the silica for all the j^lass industries in and 
around St. Louis must be a familiar fact to very many people. 
It is also used extensively by the clay- workers for moulding 
and parting-sand. Indeed, its economic value is inestimable. 

Now, on the top of the St. Peter's sandstone, comes the 
Third and last Siluro-magnesian limestone. It, unlike the other 
two members of the same character under it, is a very shy 
rock ; being, so far as the writer is now advised, nowhere ex- 
posed except in Warren, St. Charles, St. Louis, Franklin and 
Jefferson counties. It lies immediately over the St. Peter*s 
sandstone in all the exposures mentioned, in those counties, 
but does not occur in Lincoln and Balls counties where the 
Trenton rests immediately on the white sand. This last mag- 
nesian limestone is made up largely of a mottled cotton rock. 
In other words, the limestone is relatively thin, as compared 
with the cotton rock. It may be interesting to some people 
to know that a certain horizon or horizontal layer of this cot-^ 
ton rock, some ten or fifteen feet thick, has been determined 
a gold-bearing rock. 

Under a thick section of the mottled cotton rock, peculiar 
to this member, lies a buff-colored or intensely yellow rock*. 
The yellow color is, of course, referred to the per-oxide of 
iron 01 yellow ochre it contains. That this rock carries con- 
siderable gold, there is no longer any doubt. But whether the 
gold is in sufiQcient quantity to give the rock an economic 
value, has not yet been fully determined. However, the mere 
fact that a massive layer, in one of the members of the Silnro- 

(magnesian group, does carry gold in appreciable quantity^ 
helps tq^e^tablish the.gsueQig.Qfjiot only our magnesian rocks, 
baLalaa4)f the ore bodies they coolain. 

It occurred to the writer, some years ago, after having 
studied the Laurentian limestones of Lower Canada and the 
Magnesian limestone in North Carolina, where the first develop- 
ment of the Appalachian arch must have been, that those unique 
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and heterogeneous prodacts might be referred to the con- 
ditions which doubtless obtain on the floor of a sargasso sea. 
Having since studied the function of a sargasso sea, together 
with the unique characters of these Magnesian limestones in 
Missouri, there is, no longer any doubt, in his mind, but that 
the whole of our Magnesian Lens, Infusorial sands^nes audi ^ ; \ \^ 
Magnesian limestones, alike, was a heterogeneous mass ofl ' ^ * ^ 
organic products, deposited on the floor of a sargasso sea ; in 
Cambrian and Lower Sitnrian times. The various filtering 
processes, which must be in operation in all sargasso seas, in 
cobjunction with the fact that they are invariably located on 
upward folds or shallow spots in the ocean, lead logically to 
such prodigious results. 

Indeed, next after the volcanic cones, which must have 
been in all ages the outlets of renewal energy for the Earth's 
water and atmosphere, the first_jand surface on the face of 
this globe must have been the floors of sargasso seas. The 
Laurentian limestones of Lower Canada refer to the floor of a 
Primordial sargasso sea, which was the first emerged portion 
of this continent. Our Magnesian Lens refers with equal 
certainty to the floor of a sargasso sea, on the axis of the Ozark 
Range ; from Primordial time to the beginning of the Trenton 
age. In addition to the obvious fact that sargasso seas are the 
logical filtering areas of the ocean, the myriads of organisms 
which inhabit them, subsisting, as they do, on elements taken 
directly from the water, could not well do otherwise than pro- 
duce just such marvelous results. 

Knowing furthermore as we do that the major part of the 
iron-ores of the world have been concentrated from a diffused \ 
state, by the action of organic acids, precipitating the iron on \ 
the floors of shallow lakes and ponds, and the dissolving out 
of the argillaceous matter afterwards, the gold-bearing section \ 
of our last Siluro* magnesian member is only a logical sequence. 
This is, indeed, a fascinating topic, but its full discussion 
would be too elaborate for this report. Its logical place is in ' 
the Report on Economic Products and Local Development. 

Now comes the Trenton limestone and the Hadson River 
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Shales on top of it and that ends the Lower SilariaD of oar 
geological record of Missoari. While the Trenton limestone 
is, perhaps, the most interesting member of our Lower Silarian 
section, the Hudson Biver Shales are, on the contrary, the 
most monotonous and least interesting. That the Trenton 
represents a long period of clear seas and favorable conditions, 
for the development of marine life, is abundantly shown by its 
great volume and variety of legible organic forms. In fact, 
the Trenton limestone is nothing more nor less than a vast 
sheet of organic forms and matter. It must not, however, be 
forgotten that some of its characteristic species have their an- 
tecedents preserved in the cherts of each of the Siluro mag- 
nesian limestones; while others have their descedants in the 
fossils of the Hudson River Shales. In fact, the generic rela- 
tions of the fossil life in each of the three Siluro-magnesians, 
the Trenton and the Hudson Biver Shales are sufiQciently pro- 
nounced to place all of these rocks together in the. Lower Sil- 
urian of Missouri. 

About the distribution of the Trenton limestone, in the 
western part of the State, that is obviously as yet a matter of 
conjecture. The fact that it does occur at Spalding Spring in 
its normal thickness and descends to the westward at Oedar 
Greek under its normal covering, the Hudson Biver Shales, 
there is no apparent reason why it should not reach continu- 
ously to the Missouri Biver at St. Joseph, and all over North- 
west Missouri. If Qo, on its downward folds or inverts, we may 
expect to find oil; in its upward folds or arches, we may ex- 
pect to find gas in great abundance. As, already stated, it has 
not jet been recognized in Southwestern Missouri, where 
later and jounger rocks rest on the older. Second Siluro-mag- 
nesian. On the eastern edge of the State, between Spalding 
Spring, in Balls county, and Gray's Point, in Scott county, its 
exposures are too numerous to mention. 

Trenton limestone is the surface rock over a large portion 
of Lincoln and Pike; it makes the most picturesque bluffs on 
the Missouri between Matson and St. Oharles and on the Mer- 
amec between Pacific and Valley Park. It is used extensively 
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in the maDufacture of lime in St. Louis county and more ex- 
tensively at Cape Girardeaa; where the Lower Trenton reaches 
its greatest development at Gape Bock, above, and towards 
the Eock Levee below. There is a splendid exposure of Mid- 
dle or massive Trenton on the Bnrlington track, near Elsberry, 
suitable for making lime. 

The Hudson River Shales, like all other shale-beds, repre- 
sent an epoch or transition period of muddy seas. Beyond 
that, there is little to be said about the closing member of our 
Lower Silurian. It consists of alternate layers of bluish green 
clay-shale and thin white lenses of calcareous mud-rock or 
argillaceous limestone, ab you prefer to call it. In the bluffs 
just south of Louisiana, in Pike county, these shales reach a 
maximum thickness of about 100 feet. But, like all other shale- 
beds, they vary incomparably more in thickness than any other 
member of the Lower Silurian. Obviously, the sediment pre- 
cipitated on the floors of muddy seas would fall thickest on 
the lowest places or be afterwards carried there. Hence, it is 
a safe conclusion that shale-beds and ordinary argillaceous 
sand-rocks are merely fillers for leveling up the inverts in the 
other rocks with their arches. This«as will be shown later on, 
is a fact of great value in locating economic deposits in the 
Goal Measures. So much for our Lower Silurian. 

UPPBB BILUBIAN. 

And now for our Upper Silurian. That the Hudson Eiver 
shales do represent a transition epoch of muddy seas, is further 
demonstrated by the argillaceous character of the Glinton 
limestone, the first member of our Upper Silurian. In its 
lithological character it is closely allied to the argillaceous 
limestone of the Hudson Eiver shales. Its fossil character is, 
however, quite different. It contains very many new species 
of small Brachiopods, by which it is readily distinguished from 
the preceding group. It also contains a few small corals which 
indicate a slight clearing up of the seas. 

The Strathigraphic value of Glinton limestone is the only 
value it represents. The fact that it exists and that its fossil 
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character places it in oar Upper Silarian section, which is rela- 
tively small, are aboat the only things which entitle it to men- 
tion here. In the extent of its development it does not cat 
mach of a flgare in Missonri geology, being limited, so far as 
we are now advised, to a small areaaroand the Baffalo Knobs, 
in the sonthern part of Pike connty. 

Next after the Olinton comes the Niagara limestone, the 
most important member of oar Upper Silarian. The oolitic 
Niagara, resting on Hadson Biver shales, in the north blaff at 
Loaisiana, Mo., is the next most conspicnoas rock to the 
Lithographic or Loaisiana limestone above it. Its oolitic fea- 
tare does not, however, seem to have added very mach to its 
economic valae, for the Barlington limestone snpplies all of 
the bailding stone that is nsed in that flonrishing and delight- 
fal old river town. Tne most that can be said aboat the 
Niagara in Northeast Missonri is, that it is a massive argilla- 
ceoas limestone, easily worked bnt of donbtfal darability. It is 
qaarried and ased somewhat at Elsberry bat more extensively 
at Bowling Oreen. It is also an important factor in the con- 
strnction of the Baffiilo Knobs. In Sontheastern Missonri, 
notably Perry and Gape Oirardean coanties, it is a decidedly 
more crystalline rock, approaching closely in textnre to a com- 
mercial marble. 

The Niagara limestone is remarkable mainly on accoant of 
its argillaceoas character and abnndance of corals ; together 
with the fact that it is the eqnivalent of the famons Jollet 
limestone. Its Favosites, especially, are varied and abnndant. 
Its chain corals are exceedingly interesting. How an argil- 
laceoas limestone could contain so many corals is a geological 
pnzzle. While its lithological character points nnerringly to 
mnddy water, its fossil character points, on the contrary, to 
clear water and comparatively shallow seas. Howbeit, all of 
onr Upper Silarian and most of onr Devonian rocks have 
decidedly argillaceoas characters. 

Following, next after the Niagara limestone, comes the 
closing member of the Upper Silarian, the Delthyras shales of 
the Lower Helderberg. Good exposures of these rocks occur 
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at Bed Bock Landing and at Lithinm,in Perry oonnty« In fact, 
nearly all of our geological record is exposed in Perry coanty, 
from the basal sandstone of the Goal Measures down. The 
Survey has not yet recognized Clinton limestone there, nor have 
all the members of the Snbcarboniferons been located, bat at 
Landing Seventy-Six and at a point on the blnfT, between 
Lithiam and St. Mary's, are two of the best exposures of Kas- 
kaskia limestone in the State. The Ste. Genevieve sandstone, 
lying between the St. Louis and Kaskaskia limestones in that 
locality is, so far as known, a local deposit. Indeed, the geology 
of Perry county, when correctly delineated, will unfold some 
of the most surprising physical structure in Missouri. Betuin- 
ing to the text, the lithological character of the Delthyrus shales 
does not indicate any clearer water, or even as clear as the 
Niagara limestone, in that locality. 

In the Clinton limestone, the Niagara limestone and the 
Delthyrus shales, you have all of the members of the Upper 
Silurian that have been recognized in Missouri. From an 
economic view, they have very little value. Neither is their 
extent, so far as indicated by their exposures, very consider- 
able. In two particulars, they resemble very much the Chou- 
teau beds at the base of the Subcaiboniferous ; the rocks are 
intensely argillaceous and the fossils are generally silicified. 
At Bed Bock Landing, the writer found one immense Crinoid 
stem. At Lithium, he found fragments of two or three dozen 
Trilobites. That interesting Crustacean seems to have found 
his El Dorado in the muddy seas of the era. 

DEVONIAN. 

Proceeding, now, from the Upper Silurian to the Devon- 
ian, the first member of that section of our geological record, is 
the Hamilton group of shales and argillaceous limestones. 
These rocks have reached their greatest development in Calla- 
way and Pike counties. They are rich in Brachiopods, but not 
especially interesting for any other reason. 

The next member of our Devonian section is the Corni- 
ferous limestone, the only absolutely clear water deposit, be- 
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tween the Trenton and Barlington limestones. The best expos- 
ures of this rock, known to the Survey, are at Shiel or Sidney, 
in Balls county ; at Hibernia, in Oallaway county ; on Muddy 
Greek, in Pettis county ; on Oharette Creek, in Warren county, 
and at Grand Tower, in Perry county. In fact, that pictur- 
esque mass of rock, in the Mississippi Biver, known as the 
Grand Tower, is Corniferous limestone. Its corals are amaz- 
ingly large and surpassingly beautiful. There is no coral in 
any other rock to equal its Acervularia davldsoni and Favos- 
ites hamiltonensis, in either magnitude or exquisite structure. 
Some splendid silicified specimens of these corals were col- 
lected about Wittenberg, others that are still normal limestone 
about Sidney or Shiel, in Balls county. 

After the Oomiferous era, there was evidently a relapse 
to muddy seas ; for the next two members of our Devonian 
section are the Lithographic or Loaisiana limestone, and fol- 
lowing it the Hannibal shales. These rocks, and their equiv- 
alents, form thick beds in the river bluffs from Louisiana to 
Hannibal, in the banks of the Osage river at Osceola, and in 
the cuts of the Kansas Oity, Spring&eld and Memphis Bailroad, 
at Oedar Gap. Their fossils, like those of the Upper Silurian 
and the Chouteau, are usually silici&ed or pyritized. The Han- 
nibal shales form the closing' member of oar Devonian. They 
represent another transition epoch of intensely muddy seas. 

8UB0ABBON1FSBOUS. 

The first member of our Subcarboniferous section is called 
the Chouteau Beds. As if Nature had meant to build an imper- 
vious floor, for the net-work of eroded fissures and one-time 
subterranean channels, in which the rich ore bodies of South- 
west Missouri are planted, this vast aggregation of argillaceous 
matter forms the base of our Subcarboniferous country rooks. 
The Burlington, the Keokuk, the St. Louis and the Kaskaskia, 
are all intensely crystalline limestones, while the Chouteau 
beds are, with few exceptions, intensely argillaceous. Of the 
Subcarboniferous country rocks, jast named in their natural 
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order of occnrrencef the Barlington and the Keokak lime- 
BtoDes are the chief, in Southwest Missoari. 

Bat, before proceeding with the delineation and distribu- 
tion of each member of oar Sabcarboniferons country rooks, 
the attention of the reader is called to the intimate relations 
between the Barlington and Keokuk beds. If they are really 
two distinct members of our geological record, the writer has 
not yet had the pleasure of seeing it satisfactorily demon- 
strated. In other words, he has not yet found, in Missouri or 
elsewhere, an exposure of the contact, between these two mem- 
bers, above and below which each has preserved its individuali- 
ties. Neither has he found, among those who ought to know, 
a single individual whose convictions are quite clearly defined 
on that question. Inasmuch as that it is a fundamental feat- 
ture of the plan of this Survey to eliminate, as speedily as pos- 
sible, all such perplexing questions, so as to proceed tersely 
and with precision in the delineation of more important things, 
the Geologist is open to conviction and would be pleased to hear 
from any gentleman, who may be better informed, on that point. 

Returning to the Ohoutean, which is now generally recog- ' 
nized as the first and basal member of our Sub carboniferous 
section, it is, except in Pettis, Oooper, Saline and Callaway 
counties, so far as we know, very generally a massive argilla- 
ceous limestone, alternating with ferruginous clay-shales. Its 
'* Vermicular " cap-rock, is clearly a reconstructed mud-rock. 
The Ohouteau is a very persistent and widely distributed 
member of our geological record. It is easily recognized by 
its Vermicular sand-rock and shales, its Taonurus caudigalli, 
its sllicifled Michelinia expansa, its abundance of Oonophyllum 
and exquisite little Oleistopora placenta ; all of which are 
Intensely characteristic. With few exceptions, Ohouteau occurs 
in everj locality in the State, wherein the base of the Subcar- 
boniferous is accessible. It has been suggested by several 
persons, especially at Osceola, that this rock has a high econo- 
mic value for the manufacture of native cement. That, how- 
ever, has not yet been fully demonstrated. The Oeologist fears 
that its argillaceous matter is relatively too great for its lime. 
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That the immeoBe beds of massive white clay, near War- 
renton in Warren ooanty, are altered Ohoatean beds, was sug- 
gested to the writer by their proximity and the close analogy 
of their structure. But they have not yet been sufficiently 
studied to determine their exact origin. One thing certain, 
all of our clays of economic value, except our Goal Measure 
fire-clays, may be safely regarded as the relics of disintegrated, 
altered or weathered-out rooks. That the so-called *^ Flint " 
clays of Southeastern Missouri are the products of decom- 
posed '' Cotton rock," is a far more probable genesis for them 
than their current name suggests. It would not require a 
very great effort of nature to dissolve out the more soluble 
minerals of an argillaceous limestone and leave a residue of 
plastic clay. 

Burlington limestone, the second member of our Subcar- 
boniferous section, is an intensely crystalline rock. In addi- 
tion to the fact that it is one of the principVcountry rocks of 
our lead and zinc deposits in Southwestern Missouri, it is a 
successful competitor of the Trenton, in the manufacture of 
lime. In fact, there is really more lime made in Missouri from 
the Burlington than from the Trenton. Which makes the 
best lime, is a question that is difficult to answer ; but they 
both make excellent lime and that is sufficient. The massive, 
crystalline Trenton, quarried at Oape Girardeau, for lime- 
making, seems to have every desirable quality. On the other 
hand, the Burlington limestone, quarried at Hannibal, Peirce 
Oity, Ash Orove and Springfield, seems also to have every 
desirable quality. 

Next to the Burlington, if not its counterpart or equiva- 
lent, is the Keokuk or Oarthage limestone. It seems a little 
strange that both these names should have been imported, 
when we have all those rocks ten fold better developed and 
more persistent than they are in Iowa. Howbeit, we have, in 
the Burlington and Keokuk or Carthage limestones the princi- 
pal country rocks of our marvelous lead and zinc deposits in 
Southwestern Missouri, and that is the main thing we are now 
after. It may not have occurred to the average reader that 
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all sedimentary rooks, even the most orystalline, were one time 
mud-beds or nncrystalline masses. Indeed, the most crystal- 
line limestones, now that we are disenssing limestones, were 
one time nncrystalline masses and they mast have remained so 
dnring countless ages. 

In readjusting itself to its solid incandescent center, which 
is growing essentially smaller by sloughing on its outside and \ 
evolving renewal energy for Earth's water and atmosphere, ( 
this flexible shield of solid masses, on which we walk, is sub- ] 
mitted to intense lateral compression. For example, like the 
peeling of an orange or an apple when the juice is evaporated, 
this solid shield of moveable masses is thrown logically into 
upward and downward folds by lateral compression, ^ot con- 
venience, we call the downward folds synclines or inverts and 
the upward folds anticlines or arches. The two equiva- 
lents, inverts and arches, may not suit the more scientific read- 
ers, but they are more in line with the purpose of this Survey 
and they express the thought quite as completely as synclines 
and anticlines. Every practical man knows the meaning of 
arch and invert and the radical difference between them. If not, 
let him draw a horizontal line across the end of any cylinder, 
at the middle point, and he has both ideas demonstrated. 

The greater inverts, in Earth's flexible shield, are now the 
sea-floor. The greater arches are now the continents. There 
are, however, inverts and arches in the sea-floor. There are 
also midland inverts and arches in the continental masses. 
During the development of this continent, in Paleozoic time, 
the one great midland invert, now called the Mississippi Basin, 
was divided by the Oincinnati Eidge and the Ozark Eange into 
three distinct inverts: the Appalachian, the Illinois and the 
Missouri. Paleozoic coal forests grew on the floors of those 
inverts, at the same time and under similar conditions. The 
coal forests grew, however, most luxuriantly and the accumu- 
lations of coal forest debris were greatest where the condi- 
tions were most favorable. That the coal forests did grow and 
were buried, one after another, on as many different consecu- 
tive horizons as there are letters in our alphabet, we have as 
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maDy coal horizons in onr geological record to show for it. 
How were the coal forests and their debris preserved from de« 
cay and converted into coal bedsf They were preserved 
from decay, by the water in which they grew and were baried 
under sediment, daring a snbseqoent period of sabsidence. 
Whence came the sediment f Largely from the central zones 
of the Cincinnati Kidge and the Ozark Range. 

But, this is a more elaborate illnstration than was at first 
intended. However, as the earth grows older in her continn- 
oas effort to perform her function, which is clearly to evolve 
and develop organic life, her incandescent solid center, which 
means her pristine energy, is growing slowly bat logically 
smaller. The whole of this flexible shield of ordinary solids, 
on which we walk, was one time enclosed in that watery en- 
velope, which we now call the ocean. The only land was the 
volcanic peaks with their conduits, which were always essen- 
tial to Earth's function. The ocean had its currents then as 
now, bat the currents had a greater sweep then than they now 
have. The currents of the ocean swept round the upward 
folds.or shallow spots, as they now do, and those shallow spots 
or filtering areas became the logical sites of sargasso seas. 
Primordial sargasso seas were the first emerged portions of 
the present continents. Paleozoic sargasso seas explain the 
genesis of our Magnesian Lens, known as the Ozark Bange. 
Existing sargasso seas, wherein myriads of organisms are 
taking their food directly from the water, thas converting 
dififased matter into solid bodies and depositing them on the 
sea-floor, make it still plainer. In the meantime, the volume of 
neither water nor atmosphere is diminishing, because they are 
Earth's vehicles, in which are diffused the essential elements 
and food of organic life. As contraction went on, the greater 
inverts went down, the sea subsided and the land emerged ; 
the same as the sand-bar in the falling river. 

Eeally there is more downheavel in all this solid Earth ' 
than upheaval. Every phenomenon in nature is a logical 
sequence. Therefore, let us not be always trying to explain 
them with upheavals. When those uncrystalline limestones 
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were relatively raised, by the sabsidence of the sea, into land 
•surface, the process of their reconstraction commenced in 
earnest and has never ceased for one minate. In fact, their 
reconstruction commenced from the time they were deposited ; 
but when the salt water subsided and the fresh water invaded 
them, the process of reconstruction began which is now in 
operation. 

That the alteration of an uncrystalline mass of organic 
products into an intensely crystalline limestone, means the 
separation of the latter on vertical planes of nearly coincident 
through-joints, into separate masses and the further contrac- 
tion of each mass laterally towards its own center, is demon- 
strated by the familiar fact that all such limestones are notori- 
ously cavernous. Indeed, nearly all of the great caverns of 
the world are in just such country rocks as these we are now 
discussing. The First Biluro-magnesian, the Trenton, the Bur- 
lington, the Keokuk and the St. Louis are the most crystalline 
limestones in our geological record, and they are all exceed- 
ingly cavernous. It is only natural that the open fissures, de- 
veloped when these rooks contracted laterally into separate 
masses,8hould have become the tracks of subterranean streams. 
It has been shown that all the rocks in our geological record, 
between the Trenton and the Burlington, except the Oorni- 
ferous, are decidedly argillaceous, and, therefore, naturally op- 
posed to crystalization. It has been further shown, for the 
express purpose of this illustration, that the Chouteau base of 
our Suboarboniferous is emphatically an argillaceous rock, in 
Southwest Missouri ; and, therefore, apparently designed by 
nature for an impervious floor to that vast net-work of sub- 
terranean channels, in the overlying country rocks that have 
been bodily refilled with soluble, reconstructed rock<minera)s. 

Mark these words : It is not in the isolated masses of 
country rocks the ore bodies are found, but in the recon- 
etructed channels between them. Furthermore, the subdrain- 
age system of that country, is the only rational clue to its rich 
ore bodies. The stratified beds which the miners call '' Bars," 
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are simply isolated masses of the coantry rocks. The spaoea 
between, called '* open ground,'' are the one-time open fissures^ 
widened by erosion, into wide channels and refilled with rock- 
minerals, derived from varioas soarces; and that calls for a 
more general illustration. 

Keeping in view the Magnesian Lens or Ozark Eange, aa 
the rational scarce of the metallic ores and dolomitic inflaenoeSt 
there must have been a time when most of Soatbwest Missoari 
was drained to the northwestward, in the direction of Wyom- 
ing. Otherwise, why should the Third or Upper Siluro-mag- 
nesian, the Trenton limestone, the Hudson Biver shales and 
nearly or quite all of the Upper Silurian rocks be missing in 
all that region f Furthermore, the story told by those numer- 
ous gravel beds, on the hill-tops, in Hickory and adjoining 
counties, is about conclusive. The gravel beds point back- 
wards towards the summit of the Ozark Eange; while the 
reversed drainage system flows eastward. The more recent 
development of the Bocky Mountains inclined the floor of an 
inland sea, towards Missouri and reversed our drainage system, 
to the utmost southern bounds of the Osage Basin. But the 
Spring Elver drainage system still flows westward. 

The development of the Eocky Mountain Eange means 
relatively the letting down of the Ozark Eange in Missouri ; 
so that our downheavals are still keeping pace with our up- 
heavals. The development of the Eocky Mountains was, 
doubtless, a great relief to the lateral strain on the Ozark 
Eange. Eeturning now, to the Spring Biver Invert or Joplin 
District, as it is sometimes called, it would be only logical to 
assume that its watershed should have been one time much 
more inclined to the westward than it now is. If the develop- 
ment of the Eocky Mountains inclined the Laramie sea-floor 
towards the southeast and gave rise to the Missouri Biver, with 
all of its tributaries, why should not the water-shed of the 
Spring Biver Invert have at least been brought more nearly to 
a level f That all these deductions are true, the proofs are 
abundant and conclusive. 
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N0W9 the Spring Biver sabdrainage system, flowing oon- 
tinuoasly in one general direction, from the Magnesian Lens 
into the Baboarboniferoas country rocks, is the rational sola- 
tion of both, the prodigioas reconstraction of thebe rocks and 
the vast aggregations of gangae-mlnerals and metallic ores 
that have been carried into the widely eroded channels be- 
tween them. That the ores are still gravitating, slowly bnt 
sarely, with the sabdrainage to the westward, is demonstrated 
by the familiar fact that the salphides are more abundant to 
the westward; while the silicates and carbonates are more 
abundant to the eastward. In other words, the primary '' Eosin 
Jack " is more abundant to the westward, while the secondary 
^' Calamine," is more abundant to the eastward ; and the galena 
cubes are generally bright and sharp to the westward, while 
dingy or rounded cubes prevail to the eastward, along with 
" Dry Bone." -^ 

Knowing, as we do, that when the water ceases to feed 
these ore bodies with new mineral or finding a lower track 
abandons them, leaving them high and dry, as it were, a new 
process begins — a process of reconstruction or degradation, 
as you choose to call it, the occurrence of either lend or zinc 
in the primary or secondary form, in apparent contradiction of 
this rule, is not a complete contradiction, after all. That a 
process of alteration should begin in these ore bodies as soon 
as the conditions are altered, by the letting down of the stream 
that has made them, is as logical as anything else in nature. 

That the reconstruction of that vast aggregation of heter- 
ogeneous organic products and minerals, deposited on the 
floor of a sargasso sea, now represented by our Magnesian 
Lens, was the rational source of all our productive ore bodies, 
is demonstrated by the obvious fact, that neither economic 
ore deposits nor the requisite structure for them are found 
outside of that influence. Should it be suggested that rich 
ore bodies do occur in that area, wherein the whole drainage 
system has been reversed, the further fact, that they are inva- 
riably dingy or rounded cubes of lead and secondary or ter- 
tiary forms of zinc, shows that they have not been fed by new 
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mineral since the drainage sjBtem was reversed, Ore depos- 
its, like all other cosmic bodies, grow by accretion; while or- 
ganic bodies grow by the addition of new cells. Organic 
bodies, we know, have to be continually fed. Ore bodies, 
when the stream that made them ceases to bring new minerals 
or is diverted by lower channels, are exposed to new condi- 
tions and reagents. 

Having thus hurriedly individualized each ore-bearing 
member or country rock of our geological record and deline- 
ated therein the kind of structure wherein economic deposits 
may reasonably be expected, the Geologist will go one step 
further and say, without fear of successful contradiction, that 
all of our economic deposits, between the crystalline base and 
the coal measures, are water con centrations. That there are 
sublimation veins or plutonic deposits in our primordial erup- 
tive rocks of Madison and adjoining counties, is highly prob- 
able ; but it has not yet been demonstrated. 

The old Einstein, Silver Mine, in the Oranite rocks of 
Madison, was visited but the mine itself was not accessible. 
Several dykes of diabase were crossed in that county, as well 
a.8 rumors of rich discoveries in the granite country rocks; 
but that was all. Why the people of Missouri should send to 
other states or countries for granite, seems strange, indeed, 
when there is, without limit and easy of access, as good gran- 
ite here as elsewhere in the world. 

Before leaving our crystalline base, now that we are in it, 
there are three places in that country of such surpassing 
beauty or geological importance as to deserve special mention : 
1, the Elephant Eocks and granite quarries around Oranite- 
▼ille ; 2, the granite rocks and dam on the St. Francois, at 
Silver Mine; 3, the Basin, round about Lithium and its pecul- 
iar water, which suggested its name. While the water is 
excellent and no doubt valuable, there are, perhaps, more 
geological puzzles in and around that Basin, than in any other 
equal area in Missouri. It will, therefore, furnish good exer- 
cise for not only the amateur but for the most advanced 
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stadent. An oocarrenoe on the farm of Mr. W. A. LakemaD, 
sagf^ests, immensely rich ore deposits. 

Eetarning, now to the Sabcarboniferoas, the Burlington 
and Keokak beds or Oarthage limestone are distinguished by 
their numerous Orinoid relics. The first, by its well-known 
Spirifer grimesi ; the latter, by its well known Spirifer keokuk 
and Derbya keokuk ; as well as its many beautiful quartz geodes 
and its exquisite Bryozoan horizon or cap-rock. Its Bryozoa 
suggest the most unique conditions that had ever existed on a 
sea-floor, to that time. The Bryozoan, archimedes, must have 
been the most elaborate and beautiful organic structure of that 
type that nature had yet produced. Indeed, it is a good ana- 
logue or illustration of the reproductive effort of our cosmic 
mother. Earth. Pentremites are also very abundant in the 
Oarthage limestone, in many places. Everywhere, in Missouri, 
that the Subcarboniferous exists, these rocks are conspicuous 
or not far away. The Oarthage limestone is well advertised 
by both its enterprising producers and its own intrinsic value, 
as a building stone. It occurs in good form at BoonviUe, 
Paris and near Troy. 

Next, after the Carthage limestone comes the St. Louis 
limestone with its beautiful coral, LIthostrotion canadense. 
For the simple reason that it is the most available rock in and 
around St. Louis, it has been thus named and has yielded more 
good building material than any other member of our geologi- 
cal record. That this rock did, one time, spread out all over 
Missouri, is indicated by the fact that its characteristic fossil, 
LIthostrotion canadense, is found in its silicified form, in every 
county wherein the Subcarboniferous obtains. Such a pon- 
derous and compact fossil, when solicified, is well nigh inde- 
structible. Mr. Z. T. Snively of Wayland, Clark county, has 
presented the Survey with a magnificent specimen. Some 
ponderous specimens were also found in the bluffs of Saline 
creek, near St. Mary's. 

Between the St. Louis and Kaskaskia limestones the Ste. 
Oenevieve sandstone occurs. As already remarked, however, 
it seems to be only a local deposit, which may alternate with 
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fihale beds elsewhere. The top and last namber of oar Snb- 
carboaiferoas sectioa is the Kaskaskia litneatoQe. Its Pen- 
treuiites and Bryozoa suggest a recarrence of the same condi- 
tions that prevailed when the Oarthage limestone was deposited. 
Between Bt. Mary's and Lithiam, this rook is sntBoiently 
massive, even grained and crystalline, to make it a valuable 
building stone. Bat it is not being used to any considerable 
extent, and outside of that particular locality it is not recog- 
nized elsewhere in Missouri except in Jasper and Newton 
counties. Its geological value lies mainly in its beautiful fos- 
sils and the fact that it is the top and last member of our Sub- 
carboniferous. 

THE GOAL MBASUBES. 

The well known fact that our Paleozoic Ooal Measures 
rest un eonfor mably on all the members of the Sabcarbonifer- 
ous if not also, in some instances, on the Devonian and Silu- 
rian rooks, leaves no physical or lithological reason for using 
the misleading term, *^ Lower OArboniferons." It has been suf- 
ficiently shown that each member of our geological record has 
two characters : its physical or lithological character and its 
paleontological or fossil character. And that the geological 
age of a rock is frequently more easily determined by its litho- 
logical character and geological relatioas than by its fossils 
If, on the other hand, it is argaed that the close relations be- 
tween some of the Subcarboniferous and Goal Measure species 
are a sufficient reason for replacing an established name with 
one which carries in it a persistent falsehood, it can be truth- 
fully said that equally close relations exist between some of 
the species of any other two consecutive periods, from the 
Lower Silurian upwards. ^^ Lower Carboniferous" is mislead- 
ing and is, therefore, eliminated, so far as the writer is con- 
cerned. 

Our Goal Measure Fection reaches from the basal sand- 
stone to the argillaceous limestone cap-rock of the Arkoe, 
Maitland and Quitman, coal horizon, in Nodaway county. For 
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reasons which will hereafter become apparent, it is divided 
into three parts, the Lower, the Middle and the Upper Ooal 
Measures. 

THB LOWBB OOAL MBABUBBS. 

The Lower Goal Measure rests on the basal sandstone and 
is capped by the Mahoning Sandstone. In its fall development, 
it consists of eight coal horizons. That suggests the definition 
ot the term, coal horizon. The Paleozoic soil or mud, on which 
the cumulative coal forest grew, or rested, is, logically, the 
first member of a coal horizon. The coal bed, itself, repre- 
senting the cumalative coal forest, which must have grown 
and flourished under the beaming rays of our Imperial 
Motor, the Sun, is, logically, the second member. The first 
argilliceous sediment that fell on the sunken mass of forest 
debris and is now represented by the roof-shale or coal-slate, 
as you choose to call it, is, logically, the third member. Now, 
if the conditions of subsidence were such that sufficient sand 
or organic products, were precipitated on top of the first argil- 
laceous sediment, to produce a persistent cap rock, it is, logic- 
ally, the fourth member. A few coal horizons have no per- 
sistent cap-rook, but most of them have. In fact, all of the 
«oal horizons of the Middle Ooal Measure except the second 
have limestone cap-rocks, and all of the coal horizons in the 
Upper Ooal Measure have limestone cap-rocks without any 
exception. And now, it is well to note that they are nearly all 
intensely argillaceous. 

The Lower Ooal Measure is easily distinguished from either 
the Middle or the Upper, by both, its Hthological and fossil 
characters. It contains neither limestone rocks nor marine 
fossils. There are no limestone rocks between the basal sand- 
stone and the Mahoning Sandstone | Oap-rock, of the Lower / 
Ooal Measure. In its full development there are, however, ' 
eight productive coal horizons in the Lower Ooal Measure. In 
speaking of either coal beds or ore bodies the word, productive, 
means that the volume and structure are such that the deposit 
may be profitably worked. For the primary reason that coal 
forests grew in isolated bodies or spots and flourished most 
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where the conditions were most favorable, the same as vegeta* 
tion grows now, it rarely ever ooonrs that more than two or 
three productive horizons are found in one spot. Bat, inasmnch 
as that coal horizons are the very best marked geological 
horizons that we have, they are, for that reaaoo, the most per- 
sistent. In fact, the members of a coal horizon are the only 
constant rocks in the Goal Measures. 

If, in Paleozoic time, when this continent was in process 
of development, any single paroxysm of contraction had forced 
the floor of the Appalachian invert down and thus produced 
the subsidence of a certain coal horizon, in that invert, is there 
' any conceivable reason why it should not have done the saore 
thing in the Illinois and the Missouri inverts ? That it did, is 
^. / made conclusive by the fact that the Lower Goal Measure, in 
its full development, contains exactly eight coal horizons in 
; each one of those three great inverts. The productive hori- 
^ I zocs of^ the Alabama coal field, the southern portion of the 
^^' Tennessee coal field, the Bastern Ohio coal field, the Big Mud- 
dy invert of Illinois, the Arkansas and Indian Territory coal 
field, are all in the Lower Goal Measure. In the Appalachian 
invert, a great conglomerate sheet occurs in the middle of the 
Lower Goal .Measure. The four upper horizons, between the 
conglomerate sheet and the Mahoning Sandstone cap-rook, 
are the productive horizons in Ohio and Pennsylvania. The 
four lower horizons, between the basal sandstone and the con- 
glomerate sheet, are the productive horizons in the Southern 
Tennessee and Alabama coal fields. 

The great conglomerate sheet in the middle of the Lower 
Goal Measure, in the Appalachian invert, suggests a farther 
delineation of the Goal Measure rocks. It has already been 
shown that when a coal horizon has a cap-rock, that horizon 
consists of four members and they are the only constant rocks 
in the coal measures. The same persistency obtains when a 
coal horizon has no cap-rock , but, in that case, the horizon 
consists of only three members. Besides these three or foar 
regular members of each individual coal horizon, there are 
other rocks in the coal measures and they have caused all the 
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confosioQ among geologists and prospectors. They are the 
ooDg]omerates, the false-bedded sandstones, the sandy shales 
and plastic clay-shales or alternating fillers between horizons. 

While the regular members of a coal horizon are abso- 
lutely persistent and even oontinaons, over vast areas, these 
inconstant, alternating fillers lie in narrow zones, sinnons, of 
coarse, bat parallel with each other and with some shore-line. 
The reason is apparent, if yoa think for a minate, that they 
represent land sediment carried from some eroded land sur- 
face, into the depressed area. When land sediment is carried 
into the sea, it is at once assorted. The coarse and heavy 
materials are precipitated nearest the shore, in a sinaoas zone, 
and they form the conglomerates. The next coarsest are 
carried a little farther oat and they form the false-bedded 
sand-rocks. The next coarsest are carried still farther oat and 
they form the sandy shales. Finally, the parely argillaceoas 
matter, remaining saspended in the water longest, is carried 
oat farthest of all and it makes the plastic day-shales. 

Every phenomenon in natai*e is a logical seqaence. 
Obviously, when each coal horizon went down and its coal 
forests were inundated, with muddy water, that sediment would 
have fallen somewhat evenly over the whole floor. Whatever 
plants or branches, with their foliage were left standing erect, 
would have been caught in that first fine sediment. The fine 
sediment would naturally have filled up the spaces under these 
branches and foliage first and then have settled down on top 
of them. All of those beautiful impressions of barks, branches 
and foliage, we find in the roof-shale of a coal mine, were pre- 
served in that way. They help to make the cleavage planes in 
those shales. 

If the water had afterwards become clear and it were salt 
water, that whole area would soon have been colonized by 
marine life. After having been thus occupied by marine life, 
daring an incredible period that whole area would have been 
covered with organic products. A large portion of these 
would have been dissolved or ground down into a fine mud, in 
which other more hardy individuals would have been buried 
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and preserved, jast as we find them. Tbe fossils of animal life, 
preserved in the cap-rocks, like the stems and foliage pre- 
served in the shales, have undergone various alterations. Yet, 
while they do not contain the exact materials they contained 
when planted in the mad, which afterwards made the major 
part of the rock, they have, in numeroas oases, retained their 
most delicate features. In many of the older argillaceous lime- 
stones, purely siliceous matter has replaced the original ma- 
terials of the fossils and they are now pure quartz. In some 
cases they are preserved in iron pyrites and in other cases the 
pyrites has altered to limonite. 

But, in the meantime, that depressed area would have 
been filled up and thus brought back to laud surface before an- 
other coal forest could have grown directly over the last. How 
was it filled upf In the manner just described— by land sedi- 
ment, carried in from some eroded surface and precipitated in 
narrow zones, according to its lithological characters. The 
different zones, according to their lithological characters, 
would have produced just such rocks as these inconstant, 
false-bedded and alternating Fillers, between regular coal 
horizons, that have given the geologists and prospectors so 
much trouble. 

The Lower Goal Measure, or that section embraced be- 
tween the basal sandstone and the Mahoning sandstone cap- 
rock, represents, in all of its rooks and fossils, the products of 
land sediment and fresh- water life. It is, logically and em- 
phatically, the first division of our coaI measure section. In 
all other things, except its eight coal horizons of only three 
members each, it is radically unlike either the Middle or the 
Upper Goal Measures. It is easily distinguishable on either 
physical or paleontologloal grounds and is, therefore, placed 
byitself in the lower division of the section. It represents 
the age in which those giant coal plants flourished — the Lepi- 
dodendrids and the Oordiates. Their relics are abundant in 
the roof-shales along with Orustaceans and other land and 
fresh water species. 
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That it does represent an age of low mad-flats, or mnd- 
islands, sarronnded by shallow fresh-water lakes, is farther 
demonstrated by the fact that it was the age in which most of 
oar iron-ores were deposited. Indeed, the iron-ores of Penn- 
sylvania, Eastern Ohio, Tennessee and Alabama, may easily be 
referred to the one-time black carbonates, precipitated on the 
floors of shallow lakes, on the same horizons on which the 
coal forests grew. In fact, the coal lenses, in the Lower Goal 
Measares, do alternate wiih deposits of black carbonate iron- 
ore, on the same horizons. If, in the folding of Earth's flex- 
ible shield of solid masses, one of those vast beds of shale 
and black carbonate iron-ore, deposited on the door of a shal- 
low lake, had been caaght in an upward fold or arch and sab* 
seqnently denaded of its covering, the naiaral process of re- 
constraction would logically have concentrated and converted 
the iron into red oxide, and thence into a hematite. The black 
carbonate, precipitated on the floors of the shallow lakes by 
the organic acids derived from the coal forests, was in the 
form of nameroas lenses baried in immense sheets of clay- 
shale. The lenses consisted of about equal parts, iron, mad 
and coal-dast, or other organic matter. The argillaceous shale, 
having been first washed out, the lenses of carbonate would 
have been thus concentrated into beds. New conditions and 
reagents would have replaced the carbon with oxygen and 
have made an oxide of the carbonate. Farther concentration 
and crystallization would have converted the oxide into a hem- 
atite. In this flexible shield, of our cosmic Mother Earth, on 
which we walk, these processes are going on continuously. 

The first horizon of the Lower Goal Measure is productive, 
in a small way, near Lewiston and about Monticello and May- 
wood, in Lewis county. It is sufflciently developed, in spots, 
in the Kansas Gity and Hamilton zone, to be productive. In 
Eastern Johnson county, in the west bluff of Glear Fork Greek, 
about one-half mile below the Missouri Pacific Biilroad bridge, 
at a place called the Bocky Ford, it is represented by an im- 
mense bed of dark clay-shale and lenses of black carbonate 
iron-ore. The second horizon of the Lower Goal Measure has 
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been its most productive horizon in Missouri. The famous 
Montserrat ooal, in Johnson connty, ooours in this horizon. 
Millions of tons of it have been mined in that locality, and still 
large isolated lenses or productive basins lie nntonched be- 
tween Montserrat and Ooncordia. Also the dfth or last horizon 
that is at all developed in the Lower Goal Measure of that re- 
gion has been productive in a small way in that locality. 
Above it, some distance, resting on ferruginous shales and 
iron concretions comes the widespread Mahoning Sandstone, 
cap-rock of the Lower Goal Measure. 

The Mahoning Sandstone, in its full development, consists 
of three divisions : 1, its lower ferruginous and shaly ; 2, its 
middle or massive ; 3, its upper group of flag-like layers, grow- 
ing gradually thinner upwards. The middle or massive por- 
tion has yielded much good building stone in many different 
states and localities. In the Appalachian invert it has reached 
its greatest development. About Van Buren and Fort Smiths 
in Arkansas, its three members are widely separated by two 
immense shale-beds. In Southwest Missouri, it is in many 
places the surface rock. It is the principal surface rock round 
about Olinton, in Henry connty, where it yields most or all of 
the ordinary building stone. Going overland from Warsaw to 
Olinton, you pass gradually over the Lower Goal Measure ; 
from the basal sandstone to the Mahoning Handstone caprock. 

The wide-spread development of this rock, is one of the 
most difficult problems in all of the Goal Measures. The ordi- 
nary conditions of deposit make sand-rocks, logically, local 
deposits. But this Mahoning Sandstone cap-rock of the Lower 
Goal Measure may be recognized, from the eastern slope of the 
Rocky Mountains, to the summit of the Alleghanies; where- 
ever the Lower Goal Measure rocks are exposed. Silicified 
Stigmaria and sections of the stems of the Lepidodendrids and 
Gordiates, of the Lower Goal Measure Age, are often found 
imbedded in its structure. It is sufficiently argillaceous, mica- 
ceous and ferruginous, to destroy its beauty, but it is, withal, a 
durable and useiul rock. 



BBPOBT OF THB SIATB GBOLOGIST. 45 



THB MIDDLB UOAL MBASUBBS. 

Now comes the Middle Goal Measare, resting on the Ma- 
honiDB Sandstone and reaching np to the mysterioasly " Spot- 
ted Bock," or Bethany Falls limestone, as it is locally called 
in Western Missonri. In it, most of oar prodactive coal beds 
occur. Oar Middle Goal Measure section embraces twelve 
distinct and persistent horizons, all of which are well defined 
and doubtless prodactive somewhere. The first horizon, rep- 
resented by the lower Windsor coal, in Henry county, the 
Waverly coal, in Lafayette county, and the only coal about 
Glasgow, in Howard county, is not very productive in Mis- 
souri. In its normal or regular development, that horizon has 
a hard blue argillaceous limestone cap-rock. But, as if to 
show that it did not reach such a development, its cap-rock is 
frequently missing in our first or eastern shallow zone. 

The second horizon is the most prdductive in all of our 
Middle Goal Measure. It is so individualized by the absence 
of any cap-rock, by persistent but isolated lenses or ^' Batts" 
of Prodnctus, Ghonetes, Goal-dust and mad, or by its clay- 
dykes, as to make it easily recognized. The *' Batts " or lenses, 
sandwitched in between the coal and the roof-shale, together 
with the absence of a cap-rock and the presence of one of the 
greatest and most variable alternating Fillers in the Goal 
Measures, saggest unusual conditions at that epoch. The fos- 
sils, meantime, lying in isolated lenses or patches, immediately 
on the coal, suggest a short period of clear water, during which 
the subsided area was colonized by these marine species. 
Again, the fact that they lie only in isolated patches, suggests 
that a sudden influx of muddy water destroyed all these colo- 
nies. 

The clay-dikes, which are merely the under-clay, suggest 
that long after its sabsidence and after a great weight of over- 
lying mud or water had accumulated, the coal contracted 
laterally, in masses ; leaving the voids which the plastic under- 
<)lay was forced to occupy. Along the walls of those dykes, 
which invariably stop at the roof, there are absolutely no indi- 
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cations of erosion. However, when these charaoteristios are 
absent, the alternating character of the roof is a snfflcient in* 
dividaality by which to recognize it. This is the prodactive 
horizon at Danforth and Novinger, in Adair coanty ; at Bevier, 
Ardmore and Lingo, in Macon coanty ; at Hantsville and Hig- 
bee, in Randolph coanty ; at Rich Hil], in Bates coanty; and 
it is the the big seam at Windsor, in Henry coanty. It is also 
the prodnctive coal at Leavenworth, Kansas ; seven handred 
feet below the bank of the Missoari river. 

Now, the great, variable or alternating. Filler, that lies on 
this second horizon, between it and the third, is one of the 
rocks that have given geologists and prospectors so mach 
tronbie. A cross-section of oar coal field, correctly delineated, 
will show this rock, in the Eastern or shallow zone, varying in 
thickness between five and forty feet ; in the second or Grand 
River zone, between eighty and one handred feet ; in the third 
on Platte River zone, between one handred and eighty and 
two handred feet ; in the foarth or Forest Oity zone, between 
two handred and fifty and three handred feet. A cross-sec- 
tion of that rock, alone, fixes the greater snbsidence towards 
the Laramie sea, in Paleozoic time. The fact, that its alternat- 
ing members lie in sinnoas zones, parallel with the carving 
shoreline, on the east, and are so mach thicker on each ter- 
race of the bed-rocks, proceeding westwards, acconnts largely 
for the greater depth of oar coal measnres in that direction. 
Inasmach as that it alternates freqaently between a false-bed- 
ded sand-rock, a sandy-shale and a plastic clay-shale, the drill 
records of prospectors and the '' old river beds " of geologists, 
have so mystified the physical stractare of oar coal measares, 
that the anfortnnate reader coald not understand it. 

The occnrence of Keoknk or Oarthage limestone, in the 
Sonth blaff of the Missoari river, at Miami, and of White Rock, 
a portion of the Filler, now nnder discnssion, on the same 
level across the river, nnfolds two things of great importance, 
viz: That our foar different coal measure zones of unlike 
thickness [are resting on as many different terraces In the 
bed-rocks; and that the sand-rock Filler, known as White 
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Bock, CO aid not have been a river bed at any period. The writer 
foand the seoond horizon of the Middle Goal Measure under it 
and the third horizon, folly developed resting on it; a few miles 
distant to the westward. In fact, the same false-bedded, sand 
zone reaches from a point, back of Brnnswick, in Ohariton 
connty, continnoasly soathwestward between Waverly and 
Lexington, by Higginsville, across Jackson and Oass oonnties 
and far into Kansas. From the point mentioned, in Ohariton 
connty, it swings ronnd gradaally to the northwestward and 
reaches, along the western edge of the Ohariton valley, into 
Iowa. It marks the dividing line or dislocation, between the 
first and second terraces or zones, as yon choose to call them. 
In this rock, at the Oonfederate Home, and in its equivalent, 
at Kansas Oity, a black bitnminons oil occnrs in very consid- 
erable quantities. 

In the Brash Greek shaft, near Kansas Oity, as already 
indicated, the equivalent of this rock is a false-bedded sand- 
stone. In the Randolph Shaft, six miles north, it is a plastic 
ciay-shale. In the Riverside Mine, at Leavenworth, Kansas 
the roof of the south half is false-bedded sand-rock, while the 
roof in the north half of the same mine is sandy and plastic 
clay-shale. Hence, in at least three of our Goal Measure 
zones, the alternating character of this great Filler has been 
fully demonstrated. 

On top of the Alternating Filler, just described, rests the 
third and most interesting horizon of the Middle Goal Measure. 
The coal is not generally so thick as that of the second hori- 
zon, under it, but it is very generally better. It is the pro- 
ductive horizo n at Perry, in Ralls county; at Wellsville, in 
Montgomery county ; at Mexico, in Audrain 4sonnty ; at Macon 
Oity, in Macon county; at Stahl, in Adair county ; at Zola, in 
Schuyler county ; at Mendota and Unionvilie, in Putnam 
county ; at Marceline and Brookfield, in Linn connty ; at Tren- 
ton, in Grundy county ; at Tom Greek, in Galdwell county ; at 
Brush Greek, in Jackson county ; at Goncordia, in Lafayette 
county ; at Bristle Ridge, in Johnson county ; and it yields the 
gas-coal, mined near Glinton, in Henry county. 
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This honzon has thiB regalar oomplement of foar members : 
the ander-olay, the coal, the roof-shale and the cap-rock. The 
cap rock is nsaallj single-bedded or one massive layer of ar- 
gillaceons limestone. The coal is asnally in three layers with 
open cleavages between them. In many places, however, there 
are parting-clays or shales between the bedding planes of the 
two partings. The three members which make np this coal 
bed vary greatly in thickness in different localities. That var- 
iation nud the presence or absence of one or both of the part- 
ing-clays are very confusing to many people. Again, in many 
places, there is a very considerable thickness of clay-shale or 
**' Soapstone, " deposited between the roof-shale or slate and 
the coal. In that case the horizon is not only more difficult to 
recognize, bat the roof is asnally bad. Bat, besides the gen- 
eral character of the coal and its geological relations or 
sequence, there are two characteristic features, always pres- 
ent, by which the horizon may be recognized : 1, the oblong, 
oval or flattened, concretionary bowlders, which occur in the 
roof-shale ; 2, the small Lamellibranchs usually Oardiomorpha, 
the Bellerophon and Discina, which are found in those bowld- 
ers. One or all of these fossils have been found in the bowld- 
ers at every mine mentioned in connection with this horizon. 
It is the Lamellibranch horizon of the Middle Goal Measure. 

Between the third and fourth horizons the fillers do not 
vary so much in either thickness or character. They are 
usually sandy or plastic clay-shales, with some rough concre- 
tions of lime, day and iron pyrites towards the top. The 
fourth horizon of the Middle Goal Measure of Missouri is pro- 
ductive only at Higginsville, Mayview, Lexington and two or 
three other places along the Missouri Biver bluffs, in Lafayette 
county; at Richmond and Oamden, in Bay county; and at Mis- 
souri Oity, in Olay county. The coal is easily recognized, even 
on the railroad cars, by its coarse slab-like structure, its slaty 
looking bedding planes and its intensely white gypsum scales 
on its joint faces. 

The fourth horizon is further individualized by its more 
crystalline and many-bedded cap-rock. It is more a crinoid 
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tind coral prodaot than any other Goal Measure rook above or 
below it. It is, in fact, where it has been much weathered, a 
mass of very nearly pare carbonate of lime. Its freedom 
from argillaceoQS matter and magnesia has suggested its use 
in the manafactare of Portland cement. When fonnd deep in 
the gronnd, however, its stractnre and other lithological char- 
acters are very different from what they are in a weathered- 
ontcrop. Where this rook is most crystalline, the abundance 
of crinoid relics in it, has given it the name, crinoidal or 
encrinital limestone. In other localities, where it is more argil- 
laceons, it contains very many Prodactas, Ohonetes and Bry- 
ozoa. 

Seeing, now, that this delineation is abont to become too 
elaborate for this occasion, we will hurry through the sixth, 
seventh, eighth, ninth and tenth horizons, all of which have 
their full complement of members, bat none of which is pro- 
ductive except the last, at the E^tes Mine, near the Woodland 
Mills, on Locust Greek, in Linn county. Oa the cap-rock of 
the tenth horizon rests another one of those great alternating 
Fillers. All up and down the Locust Greek and Grand Biver 
valleys, this great Filler is exposed in many places. That it 
is an alternating Filler, is shown by the fact that at the Dia- 
mond Brick Works, near Kansas Gity, it is the plastic clay- 
shale there used for making vitrified paving brick. At the 
Brush Greek Mine, two miles north, it is partly shale and 
partly false-bedded sand-rock. At the Randolph Shaft, six 
miles farther north, it is entirely a false-bedded sand rock. At 
Woodland Mills, in Linn county, it is partly shale and partly 
false-bedded sand-rock. In a wide zone across the northeast- 
ern part of GarroU county, and about parallel with the line of 
the BariingtOD Railroad track, it is the surface rock. At 
Trenton, on the east side of Grand River, it is sandy shale ; on 
the west side, above the Water Works, it is a false-bedded 
sand-rock. About Princeton, on both sides of Grand River, it 
is seen alternating from plastic clay-shale to false-bedded 
«and-rock. 

a—i 
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On top of the second great alternating Filler of the Middle^ 
Goal Measare, comes the eleventh coal horizon, with the 
Hydranlio limestone for its cap-rock. Next, and last, the 
Bethany Falls limestone. These rocks are both qaarried for 
bailding stone at Milan, in SalUvan coanty ; the Hydranlio on 
the southwest and the Bethany Falls on the soatheast. They 
both occur in the west blnfF of Grand Biver, above the Trenton 
water works. Again at Princeton, where the latter is qaarried 
extensively for the Bock Island Bailroad Oo. Both of these 
horizons, the eleventh and twelfth, are exposed in many places 
in the Bine Valley, abont Kansas Oity. The four members,, 
nnder-clay, coal, roof-shale and cap-rock of each, are nearly 
always present ; bat nowhere productive to any considerable 
extent. In the north blaff of the Missouri Biver, between 
Bandolph and Missouri Oity, the Bethany Falls limestone, pro- 
jecting out just above the level of the Wabash Bailroad track, 
is very conspicuous. In time of low water, there is another 
good exposure, in the south bank of the Missouri Biver, under 
the Kansas Oity Bailroad bridge. Again, in Washington Park 
and about Leeds, the big weathered blocks that have been 
detached and have slipped down the talus slopes are good 
illustrations of that rook. Draw a line, from Harrisonville to 
Kingsville, thence to May view, thence to Bichmond, thence to 
Milan and thence north to the Iowa line, and you have nearly 
its eastern limit. 

Two miles from Kingston, at the Klondike Quarry, and 
again at Princeton, the Bethany Falls limestone has a pro- 
nounced oolitic texture. Oolitic, of course, refers to the ana- 
logy between the texture of the rock and a mass of fish-eggs. 
It means a reconstruction of the rock minerals, by which a 
greater or less proportion of them have taken the form of little 
geodes. That it adds nothing to the value of the rock is 
shown by the fact that neither the oolitic Niagara at Louisiana, 
nor the oolitic St. Louis limestone at Ste. Genevieve, are pre- 
ferred for building stone. However, in so recent a rook as 
the Bethany Falls limestone, oolitic texture or structure doea 
suggest the presence of Bauxite. In France, some such rocks 
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yield that valaable mineral in considerable qaantities. Baaxite 
is the mineral or ore whence Alaminam ib most easily ex- 
tracted for commercial ase. Prof. Swallow took the pictaesqae 
falls in Big Greek at Bethany, Harrison connty, for the typical 
exposure of that rock, and hence its name. 

THB UPPBB GOAL MBASUBB3. 

The Upper Goal Measure follows after and rests on the 
Bethany Falls limestone. On the last-named rock lies a varia- 
ble filler of clay-shale nsaally and then the first horizon of the 
Upper Goal Measure. Although its full complement of mem- 
bers are generally present, the coal is rarely ever thick enough 
to have an economic value. The cap-rock, a many-bedded , 
cherty limestone, is the most interesting member of that 
horizon. In it have been found some very fine specimens of 
I^autilus, Prodnctus punctatus and Bellerophon. That rock 
has been named the Parkville limestone., because it is there 
exposed in its full development and is easy of access. From 
the Perkins' quarry, four miles east and opposite K% nsas Gity, 
where it has been worked extensively, it may be traced con- 
tinuously to Parkville and beyond to the westward. A large 
mass of it is protruding through the soil, behind the Parkville 
Bailroad station. 

On the Parkville limestone, lies another variable filler, 
usually day-shale, and then the second horizon with a massive 
false-bedded limestone for its cap-rook. This rock is conspic- 
uously exposed in the corner of the bluff at Kiusas Gity, turn- 
ing from Sixth street towards the Union Station. There is, 
however, another rock above it that has contributed more ma- 
terial to the building of that city and U is better named the 
Kansas Gity limestone. We will reach it presently. Inasmuch, 
as that none of the nine typical coal horizons of the Upper 
Goal Measure are yielding any considerable quantity of coal, 
in Missouri, except the ninth and last or Quitman horizon, it is 
not worth while to dwell on any of the others, further than to 
name them in their natural order of occurrence and one or two 
typical exposures. 



62 BKPOBT OF THB STATE GBOLOGIST. 

After the Massive False-Bedded Limestone, comes another 
filler and then the third horizon, with the Weston limestone 
for its cap-rock. North and soath of Weston, abont level 
with the Burlington Railroad track, lies a massive argillaceoas 
limestone abonnding in the interesting little fossil, Fusnlina 
cylindrica. It reminds ns of the fact, that everything in nature 
has an important function to perform, and that the most insig- 
nificant organisms have been the greatest rock-builders. 

Resting on the Weston limestone is another filler and then 
the fourth horizon with a thin, single-bedded, argillaceous lime- 
stone cap-rock. After that, comes another great variable filler, 
in which the Waldron sandstone alternates with shale, in other 
places, and then the fifth horizon, with the Kansas Oity lime- 
stone for its cap-rock. 

The Kansas Oity limestone, cap-rock of the fifth horizon of 
the Upper Goal Measure, may be a familiar land- mark to many 
people, because it is the rock on which rests the Keely Cure 
Institution, in full view from the Kansas Oity Union Station. 
It is also a conspicious object in that part of the city which 
lies between the Midland and Victoria Hotels. That rock, 
like the St. Louis limestone to that city, has contributed more 
rough but good building material to the building of Kansas 
Oity than any other. Under it lies the coal lens that has been 
sometime worked near Hall's Station. 

Next, after the Kansas Oity limestone, in our Upper Ooal 
Measure section, comes another clay-shale Filler and then the 
sixth horizon, with a hard, thin-bedded, compact and blue 
limestone for its cap-rock. That rock is exposed in many 
places about St. Joseph. In fact, it is exposed all along the 
bluffs, between Weston and Bean Lake, just above the Kan- 
sas Oity limestone ; which latter takes on the appearance of 
Bethany Falls limestone, from there to Amazonia. 

Between the sixth and seventh horizons is another Filler 
and on top of the seventh rests the St Joe limestone for its 
cap-rook. The St. Joe, much the same as the Kansas Oity 
limestone, is a rough and many-bedded rock ; but it, too, has 
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contribated more material to the baildiDg of St. Joseph than 
any other native rock. 

Now comes an interesting geological deduction. Imme- 
diately over the St. Joe limestone and almost in contact with 
it, in the St. Joseph quarries, is the Nodaway limestone, cap- 
rock of the eighth honzon of the Upper Goal Measure. 
Between these two rocks, there is a thin layer of clay-sbale, 
varying in thickness between one and three inches. At Oor- 
bj's Hill, abont five miles south and east across the Platte 
River, that shale-bed is apparently not less than one-hundred 
feet thick. The Nodaway limestone lies in the top of Oorby's 
Hill, or very nearly the top, while the shale-bed under it 
extends downwards and out of sight, below the low water- 
level in Platte River. 

Moreover, there is, near by, an exposure of the fire clay, 
coal and roof-shale, of the eighth horizon, between the Noda- 
way limestone and the great shalebed under it. Olearly, the 
St. Joe limestone must lie in the form of a trough or invert, 
coincident with the Platte Valley. In the axis of the upward 
fold or arch, the St. Joseph stone quarries are situated and 
there the Nodaway, rests on the St. Joe limestone ; with only 
two or three inches of shale between them. The Nodaway lime- 
stone, the only hard rock exposed in Oorby's Hill, is there ap- 
parently no higher above sea-level than it is in the St. Joseph 
quarries. 

It follows logically that a cross-section of the Platte Val- 
ley, starting from the Black Snake quarries and passing 
through Oorby's Hill, delineated in a vertical zone, would 
show the St. Joe limestone lying far below the bed of the 
Platte River and describing the east half of an arch, between 
that point and the Missouri River. The shale>bed, between 
the St. Joe and Nodaway limestones, would lie, like a wedge, 
with its thick end at Oorby's Hill and its thin end at the 
Black Snake quarries, just as it occurs. Furthermore, it fol- 
lows that the track of the Missouri River has out into that 
arch, between Nodaway Station and Amazonia, and removed 
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the Baperfioial west balf, from Amazonia Boathwards ; while St. 
Joseph site on the remaining east half. 

Now, if the Trenton limestone does exist, ander St. 
Joseph, and does lie in the form of an invert under the Platte 
Valley, and in the form of an arch under the superficial arch, 
between the Platte and the Nodaway, this conclusion follows: 
One or more of the twenty-eight coal horizons therein con- 
tained ought to be productive ; one or more of the false- 
bedded fillers, between the coal horizons, ought to contain 
large quantities of black, bituminous oil or aephaltum ; one or 
more of the under-olays ought to yield good fireclay ; lower 
down, towards the Trenton limestone, there ought to be sand 
lenses filled with petroleum. On the other hand, in the axis 
of the arch described, there ought to be plenty of natural gas. 
One hole in the center of the invert and one in the axis of the 
arch ought not to be considered too much for such logical pos- 
sibilities. 

Now, prpeeeding with the delineation of our Upper Ooal 
Measure section, the Nodaway limestone or cap rock of the 
eighth horizon, is the most interesting member of that section. 
Its Fusulina beds and Bryozoan horizon are everywhere pro- 
nounced and it has yielded many fine specimens of Orthoceras, 
Pinna peracnta, Allorisma, sub-cuneata and Myalina sub- 
quadrata. Indeed, it is the Lamellibranch horizon of the 
Upper Ooal Measure. It is named the Nodaway limestone, 
because it has been so extensively quarried alongside the Bur- 
lington Eailroad trackjust west of the Nodaway River, in Holt 
county. Furthermore, it is exposed in many places in Noda- 
way county at the base of the Quitman coal horizon. 

Besting on the Nodaway limestone and capped by a mas- 
sive argillaceous limestone is the Quitman, ninth or last, hori- 
zon of the Upper Ooal Measure, and the twenty-ninth or last 
horizon of the Paleozoic Ooal Measures. This horizon is pro- 
ductive near Arkoe, in the valley of the Hundred and Two, 
and at several places in the valley of the Nodaway. At the 
Oarpenter Mine, near Quitman, where it reaches a thickness of 
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two and one-half feet, it has yielded and is now yielding a con- 
-siderable quantity of fairly good coal for local use. So much 
for the Goal Measures. 

THB PBBMIAN. 

It mast be apparent to the reader, that the division of the 
Middle and Upper Goal Measures, on the Bethany Falls lime- 
stone horizon, is more for convenience than for any other rea- 
son, and is, therefore, essentially an arbitrary division. Now, 
the division of the Paleozoic Goal Measures and the Permian, 
on the cap-rock of the Quitman horizon is also, to some ex- 
tent, an arbitrary division. In either case, we have no such 
substantial reason as we had for the division of the Lower and 
Middle Goal Measures, on the Mahoning Sandstone. In that 
case, we had, in all except the coal itself, a radical change from 
land and fresh water life, to marine life and their essentially 
different physical conditions. But the Bethany Falls limestone 
and the Quitman cap-rock are sufficiently individualized and 
far enough apart to make convenient divisional planes. The 
Bethany Falls is the surface rock over large areas in the sec- 
ond or Grand Biver zone, the Quitman cap-rock is the surface 
rock over a large portion of the fourth or Forest Gity zone. 

There is this reason, however, for placing the three or four 
hundred feet of our geological record in Northwest Missouri, 
above the Quitman cap-rook, in the Permian; there is neither 
coal nor under-clay, in any horizon above the Quitman cap* 
rock ; but there is both coal and under-clay in every coal hori- 
zon described below it. Furthermore, the Permian, at most, is 
little more than the closing out of the Paleozoic Goal Period. 
These remarks, the reader will, of course, understand, do not 
apply to any other part of Missouri. Every geologist knows 
that the coal fields of the western half of this Gontinent are 
not in the Paleozoic Goal measures. On the other hand, when 
we shall have reached the Tertiary deposits, in Southeastern 
Missouri, we will have Lignite beds and other economic de- 
posits of a radically different character. Having three or four 
hundred feet of rocks and shales, on top of the Quitman coal 
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horizon, in Holt oonnty, without either ooal or ander-olay in 
them, and Tertiary deposits in Soatheastern Missouri, to de- 
scribe hereafter, is sufficient reason for placing the Forest Oity 
group in the Permian. 

The main reason, however, for putting the Forest Oity 
group in the Permian, is, to eliminate it from our productive 
Ooal Measure section, and thereby simplify the subject. Like 
the question referred to in discussing the individualities of 
the Burlington and Oarthage limestones, it is a bone of con- 
tention which carries no meat with it. While the State Geolo- 
gist is open to conviction, on both questions, he simply wants 
to settle all such questions and eliminate them betore publish- 
ing either one of his finished reports. Such stuff is tiresome 
to the average man, who gets his living by the sweat of his 
own brow. For such men, mainly, will the Reports of this 
administration of the Survey be designed. 

Now, to get quickly at a right conception of our Permian 
deposits, let us think of the whole mass, as the one-third part 
of a lens, with its thickest comer or obtuse angle, located near 
Forest Oity, and its thin, ragged edge terminating somewhere 
round about Bock Port, Tarkio, Elmo, Mar^ville, Bolckow and 
Amazonia. It evidently fills a portion of the deepest abyss, in 
the eastern margin of our Laramie sea. Its basal member 
reaches out the farthest; perhaps, beyond Tarkio, Elmo and 
Maryville. Its next member not so far, and so on, until its 
last or upper member, a thick shale-bed, on the hill back of 
Forest Oity, covers relatively a very small area. It is a mo- 
notonous mass of mud-rocks or argillaceous limestones, with 
alternating fillers between. 

Starting from the argillaceous cap-rock of the Quitman 
Ooal horizon, which we have taken for the top of the Paleozoic 
Goal Measures, the first member of our Permian section is a 
thick shale-bed, then a single-bedded shaly limestone ; next a 
thick shale-bed, then a ferruginous and massive limestone; 
next forty feet of shale and thin layers of dirty limestone, then 
thirty feet of blue shale ; next the Forbes limestone, then ten 
feet of blue plastic shale ; next a thin-bedded, highly fossilifer- 



BBPOBT OF THB STATB GBOLOaiBT. 57 

ous limestone, then another bed of shale ; next the Oarzon's 
limestone, then the Forest Oity sand-rock, alternating with 
clay-shale; next the Forest Oity limestone, then caloareoas 
shales; next a thin-bedded and ferrnginoas limestone, then 
another clay-shale ; next a thin-bedded limestone or mad-rock, 
and finally one hundred feet of day-shale. In its thickest place, 
this monotonous mass is not less than three handred feet thick 
and it might all be well named, a filler. 

Now, starting from the top of the last mentioned shale- 
bed at Forest Oity, which is the highest horizon of oar Per- 
mian, and estimating the thickness of oar Ooal Measures at 
that point to be fifteen handred feet, the total depth from the 
surface to the Buboarboniferous bedrocks, should be approxi- 
mately eighteen hundred feet, or a little more than one-third of 
a mile. If that estimate is about correct, the whole thickness 
of our geological record, at that point, should be not less than 
two-thirds of a mile. Then we have to add whatever Oreta- 
ceous and Tertiary we have, in Soatheastern Missouri. Then 
the glacial drift of North Missouri and, finally, the Biver Loess ; 
which will bring the whole section of our geological record up 
to about one vertical mile. 

The Oeologist proposes to sketch a complete section of 
our geological record, individualizing each member by some 
particular color or character, and place that sketch in his 
Report on the Structural Geology of Missouri. The color or 
character, by which each member of oar geological record is 
individualized, in that section, will be used to represent that 
member in all cross-sections and maps, issued by him there- 
after. He proposes, furthermore, to publish with that sketch, 
the characteristic fossiU of each geological horizon. 

THB GLAOIAL PBBIOD. 

Along ihe line of the Keokuk and Western Railroad, 
about Lancaster and Memphis, the glacial drift reaches the 
surprising depth of two hundred and fifty or three hundred 
feet. It lies over North Missouri, much like five or six flint 
arrow-heads, large and small, laid down on our small map, some 
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little distanoe apart, with their wide%Qd8 across the Iowa line 
and their points towards the Missouri Biver. It consists 
mainly of fine plastic clay, sand and gravel, with rounded and 
angular fragments and occasional massive blocks of crystal- 
line and igneous rooks ; brought from the far North, in the 
glacial period or ice age, as you choose to call it. 

Having said, so often, that everything we see in nature, Is a 
logical sequence, the writer will now offer, what seems to him, 
the only logical chain of physical conditions, which could have 
produced and terminated that awful period. Assuming, for 
the sake of brevity, that the first emerged portion of our con- 
tinent was the floor of a Primordial sargasso sea, the equator- 
ial current of the ocean must have swept around it and 
through the Artie sea. That would have carried equatorial 
heat far into the Polar region. But the logical sequence of 
Earth's function is continuous contraction and readjustment 
of her flexible shield to a smaller center. Oontraotion means 
the letting down of her greater inverts first ; and that means 
more land emergence. If, long after the Ooal Period and in 
comparatively modern time, the emergence of land, around the 
Artie sea, had stopped the equatorial current from traversing 
that region, the physical conditions would have been suffi- 
ciently altered, to have produced the requisite cold. 

If then, a vast accumulation of ice had occurred, before 
sufficient outlets had been cut through the land barriers, a time 
would have come when the accumulation was so great, that 
the axial motion of the Earth would have thrown it towards 
the Equator. Sufficient outlets, cut by that process and by 
subsequent erosion, would have established and maintained 
the more equable conditions we now enjoy. 

THB TBBTIABY AND QUATBBNABY. 

Having, as yet, no definite knowledge of any Oretaceous 
deposits in Missouri and very little knowledge of the volume 
of Tertiary deposits, in Southeastern Missouri, those sections, 
together with the Quarternary will be left for future discussion. 
Without any assistance in the office, other than the very effi- 
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cient lady Seoretary, Miss B. L. Carter, the energies of the 
Oeologist have been somewhat heavily taxed ; to keep ap with 
his correspondenoe and, in the meantime, do efPeotive field 
work. He has, however, gotten over aboat half of the ten 
cross-seotions already mentioned. He will have gotten over 
all of them by the fall of 1899. 

AOKNOWLBDGMBNTS. 

Here and now, yoar Oeologist, finds maoh pleasure in 
acknowledging the valuable assistance rendered by Mr. 0. F. 
Marbut, Professor in charge of the Oeological Department of 
the State University. Professor Marbut, a very courteous 
gentleman, and accomplished scholar, has contributed much to 
the success of this Survey. He, having been connected with 
the Survey for several years, was given the entire work of 
preparing volume XII of the Reports, for the printer. Volume 
XII, on miscellaneous subjects, by Professors Broadhead, 
Shepard and Marbut, illustrated with the topographic maps and 
other engravings, contracted for by Doctor Eeyes, is in the 
hands of the publisher, and will soon be ready for distribution. 

Besides Professor Marbut and Professor Jones, who has 
been already mentioned, your Oeologist is greatly indebted to 
Professor B. B. Bowley, Principal of the High School at Lou- 
isiana. Mo. Professor Bowley has been a persistent student of 
Paleontology for twenty years and has thus earned for himself 
a position in the first rank of American Paleontologists. 
During the months of June, July and August, 1898, the State 
Oeologist, accompanied by Professor O. F. Marbut, with Min- 
eralogy for his specialty. Professor B. B. Bowley with Paleon- 
tology for his specialty, and Leo Oaliaher, a student of the 
State University, with Biology for his specialty, traversed 
four of the cross-sections and explored a large part of Mis- 
souri. These last named gentlemen returned to their respec- 
tive employments, the first of September, and the State Oe- 
ologist was assisted, thereafter in field work, by F. Thomas 
Bansom of St. Joseph. 
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Mr. Bansom, a ooarteoas yoang gentleman and an expert 
at cleaning and monnting geological specimens, has been re- 
tained in the office. ' The Geological Becord of Missonri is 
now fairly well illnstrated, in the State OoUection of speci- 
mens. Each geological horizon, in its natural order of occur- 
rence, is emphasized and individnalized, by specimens of the 
rock, its economic deposits and characteristic fossils. The 
room is not exactly adapted to the parpose, bat it is, by &r, 
the best lighted and affords better facilities for displaying the 
State Collection of specimens than any other room in any of 
the State buildings. 

Having continued on field work until the middle of No- 
vember, your Geologist's time has been quite fully occupied 
with work that had accumulated in the office. Hence, he has 
had not exceeding one week in which to prepare this Biennial 
Beport for the printer. But when you have taken into account 
the fact that it was written thus hurriedly, you will doubtless 
excuse its imperfections. Believing, as he does, that when a 
man knows something, right well, he can always explain it, 
and that exhaustive field work is the only way by which any 
man can qualify himself for delineating the geology of Mis- 
souri, your Oeologist prefers to say very little now, and that 
little to the point. 

Knowing, as he does, that the economic function of this 
Survey, is what the people most appreciate who pay for it, the 
only ambition of your Oeologist is, to unfold the truth, in its 
beaming simplicity, and in as little space as possible. The forth- 
coming Beports, on the Structural Geology and Economic De- 
posits of Missouri, will, therefore, be comprehensive, concise 
and te the point, whether they are otherwise interesting or 
not. Very truly yours, 

Jno. a. Gallaheb, 

State Geologist. 
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EXPENDITURES. 



Date. 



Vo. 
No. 



To whom Issued. 



Amount I Amount Totals. 
Item. Ivouclier I 



1B97 
April... 



May. 



Jane. 



July. 



1780 

1781 
1782 
1823 



ai50 
3A75 

8470 
3477 
8478 



3720 
3721 



.3891 
3912 



3913 
3525 



3926 
3927 



4419 



4420 
4421 



Cbas. R. Keyes— 
salary 3 months ., 

railroad fare 

office expenses.., 

B. L. Oarter— 
salary 3 months. 

C. B. Lane- 
salary 3 months . 

Pacinc express Co.- 
ror January 



for February, 
for March 



St. Louis Paper Co 

Cbas. R. Keyes-> 

salary for April 

travellnff expenses, 
office expenses 



K. L. Carter- 
salary for April.. 

C. B. Lane- 
salary for April.. 

Pacific Kxpress Co . 



Tribune Printing Co.— 

woricon Vol. X 

work on Vol. XI 



G. W B. Garret- 
personal expenses . 

John S. Loican— 
personal expenses . 



Pacific Kxpress Co 

E. M. Shepard— 

perftonal expenses . . 
O A. Crandall— 

personal expenses . 
Chas. R. Keyes— 

salary for May 

traveling expenses. 



E. L Carter— 

palary for May 

C. B. Lane- 
salary for May 

C. F. Marbut— 

services for 3 days 

expenses Jefferson City . 



Chas. R. Keyes— 

salary for June 

expenses for June . 



K. L. Carter- 
salary for June. 

C. B. Lane- 
salary for June. 



$750 00 
3 75 
19 2f) 



3 40 

4 85 
1 80 

5 41 



2S0 00 

44 20 

2 45 



1 05 
3 40 



97 16 
420 00 



250 00 
35 f» 



12 00 
10 55 



$773 01 
150 00 
60 00 



15 46 
4 25 



296 65 
50 00 

20 00 

505 

517 16 
16 95 

19 30 
15 15 
35 70 

21 40 

285 65 
50 00 

20 00 

22 55 



250 0) 
36 00 



286 00 
60 00 
20 00 



$1,002 72 



925 11 



450 45 



( 
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UXPENDITUBBS— OODtlnued. 



Date. 



Vo. 



To^hom paid. 



Amount 
Item 



Amount 
voucher 



Totals. 



July. 



August.. 



I 



4422 
4412 
4506 



4609 



469d 



4^2 



4740 



4741 



4742 
4743 



4744 
4745 



4753 
4757 



4762 

4776 

4841 

4854 
4867 

5078 
5065 
50Ki 

6090 

5091 

6092 

5102 

5159 

5228 
5423 



.00. 



Missouri Pacific R. K. 

Pactllc Express Oo 

T. B. Marbut— 

salary to July 1 

travellnff expenses 

expenses Jefferson City.. 

0. F. Marbut— 

salary 6 days 

trayellngexpenses 



Tribune Printing Co.— 

work on Vol. X 

work on V^ol. XI 

press- work 



A. J. Shockley— 

office supplies 

B M. Shepard.. 

personal expenses.. 
Chas. R. Keyes— 

salary to July 15 

expenses to July 15. 



Cbas. B. Lane- 
salary to July 15 

overtime and expenses. 



John Moore- 
help In moving 

O. A. Crandall— 

personal expenses. . . 

C. W. B. Garret- 
personal expenses. . . 

John 8. Logan- 
personal expenses. . . 

St. Louis Paper Co 

T. B. Marbut— 

salary to July I5r 

traveling expenses. 

K. L. Carter- 
salary to July 15 

Tribune Printing Co.— 
work on Vol. X 

Tribune Printing Co.— 
work on Vol. x 

Post office (box) 

Geo. J. Vaughn- 
postal cards 



Pacific Express Co 

Jefferson Heating Co.. 

E. L. Carter- 
salary to August 1.. 

C. B. Lane- 
salary to August 1.. 

Fred Sesslnghaus— 
labor 

John A. Gallaher— 
salary to August 1.. . 

Ed. R Hogg- 
lumber 

C. F. Marbut— 

salary to August 1.. 
traveling expenses . 



Tribune Printing Co.— 

printing 

Mo. Pacific R. U. Co... 



$ai 6^ 

20 05 
9 85 



20 00 
28 00 



44 24 

142 24 
201 15 



125 00 
6 75 



10 00 
12 60 



60 00 
35 80 



100 00 
41 30 



$3 86 
7 21 



61 55 
48 00 

387 63 
260 

24 75 

131 75 

22 50 
3 00 
7 80 

23 20 

21 30 
1,596 00 

85 80 

25 00 

115 6A 

120 96 
100 

500 

3 70 
166 00 

25 00 

10 00 

21 25 

125 00 

29 SS 

141 30 

16 23 
2 50 
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EX PEN DIT U UES— Continued . 



Date. 



Vo. 
No. 



To whom Issued. 



Amount 
Item. 



Amount 
voucher 



Totals. 



August.. 



Sept., 



6164 



5601 

6768 
5785 

6791 

5796 

5797 

5809 
5804 

5807 
58II 

5862 



5879 
5941 



6942 
5943 



5987 
5995 



6001 
6012 



6110 



Smith -Premier T. W, Co— 

lypewriier 

cabinet 



$77 50 
46 00 



Day fiubber Co. 



Pacific Express Co 

H. A. Swift Ice Co- 
Ice for Auinist 

Fred Sesslnghaus— 

labor 

E. L. Carter- 
salary for August 

C. B. Lane- 
salary for August 

Capitol Olty Planing M Ills 

A. J. Shockley— 

ofllce supplies 

Schultz Dry Goods & carpet Co., 

John A. Gallaher— 

salary for August 

C F Marhut— 

salary 20 days , 

traveling expenses 



Krueffer A Llnde— 

ofllce supplies 

G. W. B. Garret- 
personal expenses 

John S. Logan— 

rrsonal expenses — 
Crandali— 
personal expenses. . . . 
Jefferson Heating Co — 

radiator 

Fleming Furniture Co— 

ofllce furniture 

John N. Koss— 

I making cases 

Ed R. Hogg- 

lumber 

Postage stamps , 



66 00 
45 55 



October. 



«J79 
6894 



Nov.. 



6397 
6453 



6470 
6554 



6587 



6613 



7022 
7037 



Pacific Express Co 

E. L. Carter- 
salary for September 

C. B. Lane- 
salary for September 

J. A. Gallaher— 

salary for September 

Jeff. City Light, Heat and Power Co. 
ofllce fixtures 

Sams A Wadell— 

ofllce fixtures 

Ed. Holtschnelder— 

lumber 

C. F. Marbut— 

salary for 8 days 

traveling expenses 



D. Gundelfinger— 
hardware 



26 66 
5 55 



Pacific Express Co 

C. B. Lane- 
salary for October. 



$122 50 
6 45 



3 25 

4 40 

62 60 

60 00 

20 00 
160 76 

13 48 
1 00 

260 00 



111 55 

97 41 

20 70 

20 05 

14 35 

37 50 

247 01 

132 03 

40 in 
5 00 



13 15 
50 00 
20 00 
250 00 
9 80 
4 00 
36 04 

32 21 
255 



2 05 
20 00 



$667 81 



1.281 08 



417 35 
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EKPSXDITdBES-Coatlnaed. 



Date. 



Vo. 
No. 



To whom Issued. 



AmouQt 
Item. 



Amount 
voucher 



Totals. 



Nov.. 



Dec. 



Jan. ... 



Feb.. 



7051 



TOW 



7092 



709t 
715S 



7623 

762A 

7681 

7695 
77U7 

7717 
7723 

7816 

188 
189 
206 

• 231 
252 

267 

553 

676 



622 
625 



864 

899 
906 

1060 
1061 
1114 
1181 



E. L. Carter- 
salary for October. . . 

Mo. Pac R'y CO 

John A Gallaher— 
salary for October. .. . 
traveling expenses. . . 

l*hoto Engraving Co — 
plates 

Postage stamps 

Graham Paper Co.— 
paper 



E. L. Carter- 
salary for November. 

Alexander Slater- 
salary for November. 

F. A. Jones— 
assavs 

Pacific Express Co. . .' 

John A. G'lllaher— 

salary for November. . 

traveling expenses..., 



Mo. Pacinc Ry . Co 

H. A. Swift Ice Co.— 
Ice for November. . 
Postage stamps 



E. L. Carter- 
salary for December, 1897. 

Alexander Slater- 
salary for D'^cember, 1897. 

John A Gallaher -r 

salary fur December, 1897. 
traveling expenses 



Pacific Expr«»ss Co. . . 

Dan Gundelfinger— 
hardware 

G. A. Fischer— 

ofllce supplies 

John N. Boss- 
glass 

C F. Marbut— 

salary ror 12 days, 
expenses 



Postage stamps 

Capital City Planing Mills. 



E. L. Carter- 
salary for January. 

Alexander Slater- 
salary for January. 

Pacinc Express Co 

John A. Gallaher— 
salary for January, 
postofflce box rent . 



G. W. B. Garret- 
personal expenses... 

O. A. Crandall— 

persanal expenses. . . 

O. C. Broadhead— 
services on Vol. XII.. 

EM. Shepard— 

services on Vol. XII.. 



$260 00 
20 65 



260 00 
59 00 



250 00 
30 00 



40 00 
2 57 



250 00 
1 00 



$50 00 
1 00 



270 66 



18 48 
5 00 



11 00 



50 00 
20 00 



12 00 
600 



309 00 
25 



3 66 
1 00 



60 00 
20 00 

280 00 
13 90 

70 

2 66 

3 50 

42 67 

500 
90 



50 00 



20 00 
3 50 



25100 
20 70 
13 60 
113 60 
200 00 



$378 IS 



400 90 



419 22 



672 30 
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SXPENDITUBBS-ConUnued. 



Date. 


Vo. 
No. 


To Whom Issued. 


Amount 
Item. 


Amount 
voucher 


Totals. 


March.. 


1454 
1456 
1607 
1506 

1519 
1597 

1628 
2013 

2014 

2016 

20»6 
20A5 

2046 

2062 

2226 

2307 
2533 

2534 

2585 

2798 
2820 
2865 

3026 

3027 
3028 
3029 

3098 

3117 
3162 

3235 


K. L. Carter- 
salary for February 




$50 00 
20 00 
26 00 

282 50 
6 70 

200 

59 33 






Alexander Slater- 
salary for February 








F. A. Jones- 
assays 








John A. Gallaher— 

salary for Febniai'y 


$250 00 
32 50 






traveling expenses 






Pacific Express Co 












Fleming Furniture Co.— 

office furniture 








Geo D Barnard & Co.- 

office suDDlles.. 








John A Gallaher- 

salary for March 


250 00 
15 00 
1 00 


$446 53 


April.... 


266 00 

60 00 

20 00 
820 

82 00 

40 85 
1 10 

80 55 
5 00 




trayellnff exoenses 






postage stamps 






E. L. Carter- 
salary for March 












Alexander Slater- 
salary for March 








Pacific Express Co 








F. A. Jones- 
assays 








F. Schleer- 

trays 








H. A. Swift Ice Oo- 

Ice 








C. F. Marbut- 

servlces on Vol . JCII 


26 65 
3 90 






expenses 






Postage stamps 












John A. Gallahex^ 

salary for Aorll 


260 00 
88 60 


448 70 


May 


288 50 

60 00 

20 00 
600 
4 05 
500 






traveling expenses 






EL. Carter- 
salary for April 












Alexander Slater - 

salary for April 








R. L. Polk & Co 








Chicago A Alton B*y Co 








Postanre stamos 








John A Gallaher— 

salao' for May 


250 00 
40 75 


373 55 


iune.... 


290 75 
60 00 
20 00 

40 90 

147 12 
600 

12 00 

20 70 




travellmr exoenses 






E. L. Carter- 

salanr for May 












Alexander Slater- 
salary for May 








E. E Rowley- 
services, 8 days 

railroad fare 


26 65 
6 2.^ 
800 






board. Jefferson City 






J. MantzACo — 

engraving (Vol. XII) 












Pacific Express Co 








F. A Jones- 

assays 








G. W. B. Garret- 
personal expenses 
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EXPENDITUBBS-OoDtlnued. 



Date. 


VO. 

No. 


To Whom Issued. 


Amount 
Item. 


Amount 
voucher 


Totals. 


June.... 


8236 

3259 
SS275 

8276 
3602 

860H 
8604 

3606 
8606 

8607 

3643 
3724 

4032 

4033 
4034 
4044 

4015 

4046 

4051 
4650 

4651 

4652 

4658 
4685 


John 8. Logan— 

Deraonal exoenses 




$87 36 
1 40 

18 86 

2,244 18 






Mo. Pac B*y Co 








John A. Gallaher— 

expenses special field work 








A. Hoen&Co.— 

engraving c Vol. XII) 








John A. Gallaher— 

salary for June 


$250 00 
8106 


$2,884 20 


July 


33105 
20 00 
50 00 

141 10 

147 15 

27 90 

26 00 

2 15 




travellnsr exoenses 






Alexander Slater- 
salary for June .' 












E. L. Carter- 
salary for June 








R. B. Rowley- 
salary for June 


100 00 
27 60 
13 50 






traveling expenses 






board Jefferson Olty 






0. F. Marbut— 

salary for June 






100 00 
87 65 
950 






traveling expenses 






l>oard Jefferson City 






Leo Gallaher— 

salary 15 days 






25 00 
290 






traveling expenses 






P. Schleer- 

trays 












H. A. Swift ice Co.- 

Ice for June 








John A. Gallaher— 

salary for July 


250 00 
105 75 


745 .S5 


Aug 


355 75 
50 00 
20 00 

157 15 

158 76 

68 00 
10 21 




traveling expenses 






K. L. Carter— 

salary for July 












Alexander Slater- 
salary for July 








C. P. Marbut- 

salary for July 


90 00 
67 15 






traveling expenses 






R R. Rowley- 
salary for July 






100 00 
58 75 






traveling expenses 






Leo Gallahei^ 

salary for July 






50 00 
1» 00 






traveling expenses 






Pacific Express Co 












John A. Gallaher— 

salary for August 


250 00 
171 87 


814 86 


Sept 


421 87 

50 00 

20 00 
50 

265 




traveling expenses 






E. L. Carter- 
salary for August 












Alexander Slater- 
salary for August 








Pacific Express Co 








H. A. Swift Ice Co.— 

Ice for August 
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EXPENDITUBES-Contlnaed. 



Date. 



Vo. 
No. 



To whom Issued. 



Amount 
Item. 



Amount 
voucher 



Totals. 



October. 



Nov. 



Dec. 



4709 

4710 

4711 

4732 
4788 
4775 
6157 
510S 
6109 

6100 
6161 

6636 

66% 
5627 

5628 

5660 
6770 

6096 



6097 



6142 
619J 



634.3 



G. F. Marbut— 

salary for August . . . . 
traveling expenses. , 

Leo Oallaher— 

talaiT for August. . . 
traveling expenses. 

B. B- Rowley- 
salary for August. . . 
traveling expenses. 

G. W. B. Garrett^ 
personal expenses. . 

Johns LoKan— 

personal expenses. . 

Postage stamps 



E. L. Carter— 

salaiT for September. 

Alexander Slater- 
salary for September. 

John A. Gallaher— 
salary for September. , 
traveling expenses 



F. A. Jones- 
assays 

F. Thomas Hansom- 
salary. 20 days 

traveling expenses. 



John A. Gallaher— 
salary for October. . 
traveling expenses. 

S. L. Garter— 

salary for October. . 

F. Thomas Ransom- 
salary for October., 
traveling expenses. 

Alexander Slater- 
salary for October. . . 

Pacific Express Go 

H. A. Swift ftOo— 
ice for October 



John A. Gallaher— 
salary for November. 

freight 

postage stamps 

traveling expenses. . . 



B. L. Garter- 
salary for November. 

F. Thomas Ransom- 
salary 

traveling expenses... 
office supplies 



Alexander Slater- 
salary for November.. 

Pacific Express Go 

F. A. Jones- 
assays 

John S. Logan- 
personal expenses — 



$100 00 
112 40 



60 00 
68 09 



98 40 
65 96 



260 00 
76 96 



88 83 
8 42 



250 00 
95 75 



60 uO 
60 85 



260 00 

10 66 

400 

20 48 



60 00 
11 50 
2 00 



$212 40 



108 09 



154 86 

20 70 



19 50 
1 00 



60 00 
20 00 



326 96 
800 



41 75 



346 76 
60 00 



110 85 



20 00 
1 00 



2 47 



285 13 
60 00 



68 50 



20 00 
2 75 



800 
21 15 



$1,006 06 
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Date. 



Vo. 
Xo. 



To whom Issued. 



Amount 
Item 



Amount 
voucher 



Totals. 



6344 
0849 



O. A Grandall— 
personal expenses. 

G. W. B. Garret- 
personal expenses. 



Total expenditures to December 15/96 
Balance December 15, *96 



Appropriation.. 



$11 10 
21 70 



$486 33 

17,846 43 
2,153 57 



20.000 00 
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